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ADVERTISEMENT. 



The following forms the fourth part of a general work on the 
"Constants op Nature," of which the first three are as fol- 
lows : 

Part I and Supplement. — Specific Gravities, Boiling Points and 
Melting Points, by F. W. Clarke. 

Part II. — A Table of Specific Heats for Solids and Liquids, by 
F. W. Clarke. 

Part III. — Tables of Expansion by Heat for Solids and Liquids, 
by F. W. Clarke. 

The manuscript of the present work has been presented to the 
Smithsonian Institution by Mr. G. F. Becker and is published at 
the expense of its fund. 

S. F. BAIRD. 

Secretary Smithsonian Institution. 

Washington, August, 1880. 
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PREFACE. 



Of the fundamental importance of the most accurate 
attainable knowledge concerning the true atomic weights 
of the elements there can be no two opinions. If the enor- 
mous mass of known facts relating to the properties of 
matter is ever to be brought under wide generalizations, it 
is with the simple substances that a beginning must be 
made, and with the simplest property of these substances, 
the relative weights of their ultimate particles. Berzelius 
held this view and the labors of Mendelejeff, Meyer and 
others leave no question as to the fact of a relation between 
the atomic weights and the properties of simple and com- 
pound matter. Accurate information on the subject, how- 
ever, is not easily attainable ; different writers on chemistry 
follow different authorities, and some even take a mean 
between the results arrived at by experimenters of difterent 
degrees of skill and accuracy, or assume some convenient 
number without experimental foundation. Nowhere, to my 
knowledge, is there even an approximately complete list of 
the determinations that have been made. 

Forced back, myself, upon the original memoirs for in- 
formation, I believed that I should do other chemists a 
service in presenting to them a short but systematic digest 
of each investigation on the subject, including the following 
points, so far as they could be ascertained : The nature of 
the material experimented upon, and the method of its 
preparation ; the experimental method adopted to effect the 
determination, and the number of experiments; the mean 
result reached by the experiments, and the extreme differ- 
ence between the results ; such a record of the constants 
employed in the calculation as will enable any one to recal- 
culate the results for different constants ; and the place in 
literature where the original paper is to be found. 

The following pages are the result. From the information 
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he will find in them, the experienced chemist will, in most 
cases, I think, be able to decide which determination offers 
the best guarantees for accuracy, or at least between which 
determinations his choice must lie, forming his judgment to 
a great extent independently of the comparative reput-3.tion 
of the observers — not always a safe guide where one is, in a 
general way, the unquestionable superior of the other — and 
no guide at all when the names carry on the whole an equal 
weight. As a record of the direction investigations have 
taken and of analytical methods of the most exact character 
also, I hope that this digest may not be without value. 

As this compilation would serve rather to mislead than 
to assist investigators, unless it be accurate and practically 
exhaustive, it seems proper to explain the manner in which 
it has been prepared. Believing it best to work independ- 
ently of any previous compilations, I selected as my base 
the three great German journals — Poggendorff's Annalen^ 
Liebig's Annalen^ and Erdniann^s Journal fiir Prakiische 
Chemie. My choice was determined not only by the posi- 
tion these journals take in chemico-physical science, but by 
the fact that their indices are admirable, and their tone 
cosmopolitan ; all of them, until lately, having furnished 
their readers with the scientific news of the time, and with 
abstracts from and translations of the important papers 
published elsewhere and in whatever language, as well as 
with original investigations. The indices of these journals 
I read through from beginning to end, making an extract 
of every entry which bore on the subject of atomic weights, 
or which I suspected might do so. In studying the arti- 
cles thus reached, every reference to other atomic weight 
determinations was preserved, and the originals, so far as 
possible, sought out; a task in which the Royal Society's 
Catalogue of Scientific Papers was of the greatest assistance. 
Having exhausted the supply of information in these jour- 
nals, I turned to Berzelius^ Jahresbcricht^ and to its continua- 
tion edited by Kopp, Liebig et al,^ and made a study of their 
contents by the same method. Later, I made a similar 
systematic study of the Annales de Chimie et de Physique^ the 
Beiicht der Deutschen Chemiscken Gesellschaft, the Chemical 






Fresenius' Zeitschrift fur Analt/lische Oterme, the 
Jbumat of tite Cliemicat Socieli/, the Proceedings of the Royal 
Societi/, and the Ph'tosopkical Transactions, and of Silliman'a 
American Journal of Science, I have alao made some use of 
the Philosophical Magazine, and a great deal of use of the 
Paris Comptes Rendita. These publications are not bo in- 
B-dexed as to make their contents readily available ; but what 
{ipears in the 0)mp(es Rcndas is pretty sure to be noticed 
Elsewhere, and I scarcely think that any determinations 
'there published have escaped me. I have also made use of 
the Biblioth^qae Unirerselle, Archives des Sciences of Geneva, 
(an ipeomplete set, unfortunately,) the Zeitschrift fiir Berg- 
Biitten-und Salinen- Wescn im Preussischen Staate, Thomson's 
Annals of Philosophy, Gilbert's Annalen der Physih vnd der 
^i/si&alisehen Chemie, the British Association Reports, the 
^ansaetions of the Royal Society of Edinburgh, the TVunsocfionfl 
^the Academies of Brussels and of St. Pe/irsfiMr^, and have con- 
mlted numerous works on chemistry, particularly BerzeUiis' 
'/ehrbuch der Chemie &nd Gmelin-Kraul'sHandbuchder Chemie. 
I have not thought it necessary, or even desirable, to ex- 
_(end my search for atoniio weight determinatione further 
back than Wollaston's famous "Table of Equivalents," 
published in the Philosophical T-ansactions for 1814. It is 
true that numerous determinations had been made before 
that time, but, with the exception of those meutioned by 
Wollastou, few which can be of either interest or value to 
the chemist of the present day, except from a purely historl- 

IftC*] point of view. Prom Wollaston's table onwards, I have 
Dot felt that the purposes of this paper permitted of any 
•election between atomic weight determinations, however 
'Valueless many of them might appear to my own judgment. 
^Indeed, it has cost me more labor to put many ill-made and 
ill-reported investigations into proper form for this digest 
than was required for a majority of those determinations 
□pon which I set the highest value. In the attempt to make 
a complete collection of the determinations since the time 
indicated, a few may have escaped my search; but, if ao, 
they must have fallen singularly dead upon the chemical 
vould be unlikely to repay further labor in seek- 
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ing them. On the other hand, I have rigidly excluded 
atomic weights calculated from analyses never designed so 
to be used. Any chemist, upon whose experiments we 
could rely, would proceed in a very different manner in 
making an atomic weight determination, from that which 
he would select for an ordinary analysis, and to put his 
credit at stake bj' calculating atomic weights from analyses 
not designed for this use is alike unfair to him and to the 
scientific public, which is asked to receive as an atomic 
weight determination what reallj' is not such. 

The purpose of this paper is distinctly not critical, and 
the remarks I have added to, or inserted in, the digest are 
simply explanatory. I have, however, frequently mentioned 
criticisms which have appeared in literature when they 
seemed pertinent. 

As for the accuracy with which the digests have been 
made, I may state that the preponderating importance of 
this point has been constantly before my mind. In the 
effort to crowd the maximum amount of information into 
the fewest words, I have had occasion to refer to most of 
the papers digested a number of times, and at long inter- 
vals. I have always taken advantage of such occasions, as 
well as those on which I have met with a reprint, transla- 
tion or abstract of a determination, to verify the rough 
draughts of my digests. Only in a couple of instances have 
I thus discovered a trifling error. On the other hand, I 
have been able to detect and point out numerous misprints 
and miscalculations in the original sources. While, there- 
fore, I cannot hope entirely to have escaped error in the 
thousands of values I have copied, and the almost equal • 
number of calculations I have made, I have strong hopes 
that the accuracy of this digest will be found at least on a 
par wnth that of the original papers. 

When, as is the case with provoking frequency, chemists 
have given their analytical data, but have omitted to state 
the atomic weights, or other constants, assumed in calculat- 
ing their results, I have recalculated their data with accepted 
constants, which I have in each case stated. I have also, iu 
many instances, recalculated determinations of importance. 
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in which constants varying considerably from those now 
received were assumed. I have further reduced the deter- 
minations originally given in terms of O = 100, or of O = 
15.96, to O = 16. No confusion, however, will be found 
between the numbers for which the original investigators 
are responsible and my own. All values which I have cal- 
culated are in italics, or, with my explanations, enclosed in 
square brackets. The only arithmetical operation I have 
permitted myself to perform without these indications is a 
multiplication or division by two ; and even in such cases 
it will usually appear from the digest itself that this opera- 
tion has been performed. 

The abbreviations of the literary references are essentially 
those adopted in the Royal Society's Catalogue of Scientific 
Papers. The first reference in each case is to the source 
upon which I have depended. When two references are 
necessary, they are connected by the word and. When my 
authority is not the original source, that to which it is ac- 
credited in my authority is also mentioned. 

In conclusion, I shall be grateful to any one who, by 
drawing my attention to omissions or mistakes, will assist 
me in perfecting a labor which has occupied all my availa- 
ble time for twenty months. 

Berkeley, Cal., Aprils 1878. 



Postscript. 



In preparing the following paper, I designed making it 
preliminary to a discussion of the various determinations 
and of the value to be assigned to each, and in this work I 
had already made some progress. After presenting this 
paper to the Institution, however, I learned that Prof. F. W. 
Chirke had been for some time engaged on a similar under- 
taking, and to him I gladly resigned the discussion of the 
data here compiled. The two papers will appear in the 
same form, and may be regarded as complementary. 

G. F. B. 



ATOMIC WEIGHT DETERMINATIONS. 



ALUMINIUM, 

The specific heat of aluminium, as determined by Regnault 
and by Kopp, and the vapor density of volatile compounds, 
as determined by Deville and Troost and by Odling, indicate 
that the atomic weight of this element is about 27.5. {Ghne- 
lin-Kraut, Handbuch der Chemie, 1, 39; and L, Meyer ^ Modeme 
Theorien der Chemie, 50.) 

J. J. Berzelius : ^7£67 (O = 16). 

100 parts of anhydrous aluminic sulphate decomposed by 
heat, gave 29.934 parts of oxide. Preparation not described. 
Number of experiments, probably 1. In Berzelius' Lehrbuch 
these data are calculated for S = 200.75, and give Al = 
170.9 (O = 100,) or 27.3U (O = 16.) [If S = 32, the data 
give Al = 27.267.] {Poggend. Ann., 8, 1826, 187.*) 

T. Thomson : 30 (0 = 16). f 

Thomson found, probably from analysis of the sulphate, 
(see appendix,) that 125 Al = 100 O. Thomson supposed 
aluminic oxide to be a protoxide. [If it is a sesqui-oxide, 
the datti give Al at 30.] ( Thomson's System of Chemistry^ 7th 
ed., i, 1«31, 454.) 

W. W. Mather : 20.55 (0 = 16). 

According to this chemist 0.646 grammes of chloride, 
prepared according to Woehler, gave 2.055 grammes argen- 

* This article by Berzelius, which contains the particulars of a large part 
of his earlier atomic weight determinations, will be referred to frequently 
in the course of this paper. It is unfortunately full of misprints, all of 
which are, by no means, corrected in the table of errata at the end of the 
volume. The correctly printed values of the atomic weights discussed in 
it are to bo found in Poggend. Ann.f lo, 1827, 339. 

f It must be remarked, injustice to Dr. Thomson, that his atomic weight 
determinations are, properly speaking, of a diTSerent nature from those of 
other chemists. So thoroughly persuaded was he of the truth of Prout's 
hypothesis, (that the atomic weights of the elements are all exact multiples 
of that of hydrogen,) that his experiments were directed merely towards 
ascertaining which multiple, in any ciise, was to be adopted. 

7 
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tic chloride, and 0.2975 alumiuic oxide. [SiUimarCs Amer. 
Jounu, 27 1835, 138, 241.) Berzelius points out the incoii- 
eistencv of these data. {Bn^'zelius' Jahresbericht^ 15^ 1835, 
138.) 

C. TissiER : 27.12 (O = 16). 

Determined by dissolving aluminium in chlorhydric acid, 
evaporating to dryness with excess of nitric acid and de- 
composing the nitrate by heat. The aluminium employed 
contained 0.135 per cent, sodium. 1.935 of this metal gave 
8.645 oxide. [If Na = 23, these data give Al = 27.12.1 
The metal was prepared by heating aluminic fluoride with 
purified sodium in a graphite crucible. {Paris Comptes 
Mend., 46, 1858, 1105.) 

J. Dumas : 27.446 (O = 16). 

Determined by six experiments on the titration of aluminic 
chloride with argentic nitrate. The mean result was Al = 
13.723 (0=8) ; extreme difference 0.09. The aluminic chlo- 
ride, which had been prepared on a large scale, was purified 
by sublimation over iron-filings and over aluminium tilings, 
and by a third sublimation in a current of hydrogen over 
aluminium filings, after which it was melted. Experiments 
on the oxidation of aluminium were found un8ati8factor3' on 
account of the difliculty of obtaining the metal pure. They 
gave Al at from 13.74 to 13.89. Dumas takes Ag = 108 ; 
CI = 35.5. {Ann. de Chim. et de Phys., (3,) 55, 1859, 151.) 

W. Odling: 27.5 (0 = 16). 

Determined from the vapor density of aluminium methide 
and ethide at 220° and upwards. (Phil. Mag., (4,) 29, 1865, 
816.) 

— . IsNARD : 27 (0 = 16). 

Pure aluminium dissolved in chlorhydric acid, evaporated 
and heated to redness, gives y of its weight in oxide. {Paris 
Comptes Rend., 66, 1868, 508.) 

Pelouze and Fremy give 27.357 (0 = 16) ; 170.98 (O = 
100,) for the atomic weight of aluminium, and assert that 
this value is derived frbm the composition of potash-alum, 
but they give no authority for the value. The experiments 
were made by precipitation with barium chloride. ( Traiti 
de Chimie, 3d ed., 1, 50.) 



ANTIMONY. 

From the specilic heat of atitimouy, aa determined by 

I SuQsen, Begtiault, and others, and from the vapor density 

of volatile uorapounds, aa determined by Mitaeherllch, Loe- 

wig and Sdiweizer and others, it is certain that the atomic 

' weight must be about 120. {Gnielhi-Kraui, I. c; and L. 

Meyer, I. c.) 

J.J. Berzbliub: 139.03 {0 = \Q); 806.452(0 = 100). 

100 parts of pure autiraoiiy, oxidized with nitric acid, 

' evaporated to dryness, and heated to redness, gave 124.8 

antimonic antimoniate. The number of experiments and 

the preparation of the metal are not given. {Poggend. Ann., 

S, 1826, 23.) 

R. Schnetder; 120.3 (0 = 16); 751.9(0 = 100). 

Determined by experiments on the reduction of native 
I sntimonic ter-sufphide in a current of hydrogen. The only 
foreign substance to be found in the mineral was silicic acid, 
I which was determined in each case. The temperature was 
I kept as low as' possible, and the amount of sulphide vola- 
I tilized, and of that undccomposed by the process, was 
I determined. The mean composition, as ascertained by eight 
f experiments, was 71.48 antimony — extreme difierence, 0.078 ; 
I and 28.52 per cent, sulphur. The atomic weight was cal- 
culated from the mean for S = 200. [Poggend. Ann., 98, 
1856, 293.) Schneider published a preliminary note in 
, Poggend. Ann,, 97, 1856, 483, in which, from a portion of 
\ the above-mentioned experiments, he deduced the value 
120.25. 

H. Rose and Weber; 130.6S6 (0 =16). 

Rose published this determination expressly as a con&rma- 
tion of Schneider's value. Antimony ter-ehloride was dis- 
solved in water containing tartaric acid, and decomposed 
by hydrogen sulphide, feulphur was removed from the 
filtrate by ferric sulphate, and the chlorine determined with 
argentic. nitrate. 2.162 antimony ch]<vide were found equiv- 
alent to 4.097 argentic chloride. [If Ag = 107.93 and CI 
= 35.457, these data give Sb = 120.626; or, for = 100, 
8b ^ 753.92.] Rose, adopting some other values gets 
1508.67 [twice 754.34.] Ho also recalculates some earlier 
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analyses of the ter-chloride, and the penta-chloride {Poggend. 
Ann.^ 5, 1825, 443) made by himself by the same method, 
which give respectively 1512.91 and 1508.6. {Poggend. Ann.y 
98, 1856, 455.) 

W. P.J)exter: 122.836 (0 = 16); 764.6 (0 = 100). 

Attempts were made to determine the atomic weight of 
antimony from its reducing action on the chloride of gold, 
but no constant result was obtained. Berzelius' method {vide 
supra) was, therefore, adopted. From the mean of ten irre- 
proachable experiments Dexter deduces the value 1529.2; 
extreme difterence, 3. The metal was prepared as follows : 
From antimony tartrate, sodium metantimonate was pre- 

?ared, and antimonic acid separated out with nitric acid, 
'he antimonic acid was reduced with carbon, and melted 
with anotheu portion of antimonic acid to remove traces of 
sodium, etc. It was also heated in a current of hydrogen 
to remove traces of oxide. The investigation was carried 
out in Bunsen's laboratory, and with his assistance. [Pog- 
gend. Ann., 100, 1857, 563.) 

J. Dumas: 122 (0 = 16). 

Neither the reduction of cervantite nor of the sulphide, 
nor the oxidation of metallic antimony gave accordant re- 
sults. Dumas, therefore, resorted to the analysis of the 
ter-chloride with argentic nitrate. The chloride was pre- 
pared by three different methods, and was dissolved in water 
acidulated with tartaric acid. Seven experiments gave an 
average of 121.975 ; extreme difterence, 0.69. Ag = 108 ; 
CI = 35.5. {Ann. de Chlni. et de Phys., (3,) 1859, 175.) 

F. Kbssler : 122.24 (0 = 16). 

In four experiments crystals of antimony ter-oxide were 
employed. This oxide had been sublimed in a current of 
pure, dry carbonic acid. A known weight of the compound 
was nearly oxidized in a chlorhydric acid solution by a 
known, slightly insufficient, weight of potassic chlorate. 
The remainder was titrated with a standard solution of 
potassic bi-chromate, and countertitrated with ferrous chlo- 
ride. The mean result was Sb = 122.16. In three experi- 
ments metallic antimony was employed. It was .prepared 
by reducing the precipitate formed when ammonic hydrate 
is added to stibium-ammonium tartrate. The metal was 
oxidized in chlorhydric acid solution by potassic chlorate, 
(not weighed,) and reduced to antimony ter-chloride by 
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% stsDQOUB chloride. The excess of tbie reagent was cblori* 
diised by mercuric cbloride, calomel being separated by fil- 

* tration. The experiment was continued exactly as in the 
cases where the oxide was taken to start with. The mean 
of the experiments on metallic antimony was 122.34. The 
mean of the seven experiments above descritjed is 122.24; 
extreme difference, 0.94. K = 39.12; CI = 107.97. Kessler 
also made experiments by Rose's method, but got discord- 
ant results. {Poggend. Ann., US, 1861, 145.) 

B. Usger: 119.70 (0 = 16). 
Determined by analysis of sodium sulph-antiraonate, 
(Schlippe's Salt.) {Kopp's Jarresbericitt, 1871, 325; Arch. 
der Pkarm., (2,) 147, 193; J48, 1.) A single determination' 
by a method from which great accuracy could not be ex- 
pected. S = 32; Na = 2S. {J. P. Cooke, Jr., in Proc. 
Amer. Acad., 13, 6.) 

J. P. Cooke Jr.: 120 (0 = 16). 

Cooke objects to the determinations of Dexter and Dumas, 
on the ground that there is no sufficient evidence of the 
absence of higher or lower compounds of the same elements 
in the salts employed. 

In two experiments antimony was dissolved and precipi- 
tated as sulphide, which was lieated to 240° before weigh- 
ing. The formation of free S was prevented, occluded 
tartaric acid was determined, but occluded oxy-chloride was 
neglected. The experiments gave each Sb = 120.6 for S 
^ 32. In thirteen experiments Sb was dissolved in a mini- 
mum of nitric acid, and the solution boiled over bullets of 
Sb to complete saturation. The sulphide wus then precipi- 
tated in an atmosphere of carbon di-oxide. The precipitate 
contained no tree S. The oxy-chloride was driven off at 
180° and determined. The tartaric acid was decomposed 
at 210° and determined. The errors are opposed and min- 
ute. The mean of the weighings of sulphide, dried at 180°, 
five Sb= 119.994 for S = 32: extreme difference, 1. 01. 
he mean of weighings of sulphide heated to 210° gave Sb 
= 120.295; extreme difference, 1.07. General mean 8b = 
120.145. Fifteen analyses of antimonious bromide gave the 
Br contents at 66.6660 per cent, for Ag = 108, Br = 80, with 
an extreme difference of 0.195. This composition gives Sb 
120. In seven experiments the iodide was analyzed. For 
1=127 and Ag = 108. it gave a mean of 76.051 per 
cent. Sb, or Sb = 120. It was also shown that the ehtnride 
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<jannot be prepared free from oxy-chloride, and that its 8b 
and CI contents correspond to Sb = 120. Metallic Sb was 
prepared by reduction of sodic antimoniate, or of oxide, 
with potassic cyanide, or by Liebig's method. In all cases 
it was fused for several hours under its own oxide. The 
haloid salts were purified by fractional recrystallization and 
distillation, iri part in a current of carbon di-oxide. {Proc. 
Am. Acad., 13, 1877, 1.) 



ARSENIC. 



The specific heat of metallic arsenic, as determined by 
Eegnault, and the vapor density of a number of volatile 
compounds, as determined by Dumas, Mitscherlich, Bunsen, 
and others, prove that the atomic weight of this element 
must be in the neighborhood of 75. ( Gmelin-Kraut, I. c; 
and L. Meyer, I. c.) 

J. J. Berzelius: 75.1 (O = 16); 469.4 (0 = 100). 

2.203 grammes of arsenious acid, heated with sulphur in 
a distilling apparatus in such a manner that sulphurous 
acid, but no sulphur, could escape, set free 1.069 grammes 
sulphurous acid. If S = 200.75, the value follows. {Pog- 
gend. Ann., 8, 1826, 22; and Lehrbuch, 5 ed., 3, 1205.) 

J. Dumas : 7S {O = 16). 

Dumas found the vapor density of arsine 2.695. [This 
value multiplied by 28.94278 gives As = (sensibly) 75.] 
(Ann. de Chim. et de Phys., 33, 1826, 337.) 

J. Pelouze: 76 (O = 16); 468.75 (0 = 100). 

A known weight of arsenic ter-chloride was introduced 
into a nitric acid solution of a known weight of perfectly 
pure silver, the chloride being in slight excess. The excess 
of chloride was then titrated with decimal silver solution.* 
As the mean of three experiments Pelouze found As = 
937.50; extreme difference, 0.8. Ag = 1349.01; CI = 
443.2. The ter-chloride was repeatedly distilled to free it 
from excess of chlorine. It was colorless, dissolved com- 

* This method, which has been frequently emplo3'cd in the determination 
of atomic weights, will be referred to as " IPelouze's method." 
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pletely in chlorine, and boiled between 134° and 185®. 
{Paris Comptes Bend., W, 1845, 1047.) 

J. Dumas : 74.94 (0 = 16). 

Determined by four experiments on the titration of arsenic 
ter-chloride with argentic nitrate, the ter-chloride being- 
prepared in several lots. The number is the mean of the 
experiments; the extreme difference being 0.15. Dumas 
takes Ag = 108 ; CI = 35.5. {AnnaL de Chimie et de Physique^ 
(3,) 6S, 1859, 174.) 

P. Kessler : 75.2 (O = 16). 

In six experiments arsenious acid was titrated with potas- 
sic bichromate and counter-titrated with ferrous chloride. 
The number so obtained was 75.15. In twelve experiments 
a known weight of arsenious acid was oxidized in caustic 
potash solution by potassic chlorate, the arsenious acid be- 
ing slightly in excess, acidified with chlorhydric acid and 
the excess of arsenious acid titrated with potassic bichro- 
mate and counter-titrated with ferrous chloride. The oxi- 
dizing action of the potassic bichromate was experimentally 
determined. The number obtained from these experiments 
was 75.24. Five experiments were made with acid instead 
of alkaline solutions of arsenious acid; they gave 75.15. 
The arsenious acid was colorless, transparent, volatilized 
without any residue, and was thoroughly dessicated. Kess- 
ler assumed K = 39.12; 01 = 107.97. {Poggend, AnnaLy 
95, 1855, 210 ; 113, 1861, 140.) 



BARIUM. 



The specific heat of barium compounds, especially of the 
chloride, as determined by Regnault and by Kopp, shows 
that the atomic weight of this element lies in the neighbor- 
hood of 137. {Gmelin- Kraut, l. c) 

WoLLASTON and Kxaprotu . 139.^ (0 = 16) ; 870 
(O = 100). 

Klaproth found that 100 parts of carbon di-oxide were 
equivalent to 352.57 parts barium oxide, and that 34 parts 
sulphuric anhydride were equivalent to 66 parts of barium 
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oxide. If C = 75.4, and S = 200, the value followB. {PhiL 
Trans., 10^, 1814, 20.) 

J. J. Berzelius : 136.79 (0 = 16). 

100 parts of barium chloride gave 138.08 and 138.06 parts 
argentic chloride. [If Ag = 107.93, and CI = 35.457, the 
above value follows.] Berzelius also determined barium 
from the sulphate ; 100 parts barium chloride gave 112.17 
and 112.18 parts sulphate. Calculated for S = 200.75 this 
determination is almost identical with the other; Berzelius, 
however, expressly adopts the former. [Calculated for 8 = 
32.0742, it gives 135.74.] {Poagend. Annal, 8, 1826, 189, 
and Lehrbuck der Chemie, 5th edf., 3, 1229.) 

E. Turner: 137.4 (0 = 16). 

Turner determined the chlorine contents of barium chlo- 
ride at 34.016 per cent, by precipitation with silver. This 
number was the mean of the best two experiments made, 
and the value follows from it on the assumption that CI = 
85.42. The barium chloride was prepared from native car- 
bonate by solution in chlorhydric acid, precipitation of 
impurities with barium oxide, ignition of the chloride, treat- 
ment with alcohol, and recrystallization. {Phil. Tram., 119, 
1829, 291.*) 

T. Thomson : 136 (O = 16); 850 (O = 100). 

Thomson had formerly determined this atomic weight at 
875 by mixing potassic sulphate with barium chloride in 
such proportions that the supernatant liquid contained no 
sensible amount of either sulphuric acid or barium. Turner 
having shown the fallacy of this method, Thomson substi- 
tuted ammonium sulphate, and also sulphuric acid for the 
potassium salt, and found 9.5006 barium oxide equivalent to 
5.00 sulphuric anhydride. He also analyzed the chloride 
with argentic nitrate, assuming silver = 1375, and chlorine 
= 450, and reached the same conclusion with reference to 
barium. {ThomsorCs System of Chemistry, 7th ed., 1, 1831, 
426.) 

* Turner made the discovery in the course of tliis investigation that 
barium sulphate carries down other salts, such as potassic sulphate, which 
cannot be extracted from the precipitate by any degree of washincj, and that 
determinations, with barium sulphate, arc consequently unreliable. Al- 
though Berzelius drew attention to the importance of the observation, and 
Thomson was obliged to acknowledge errors in his work from this cause, 
the fact was for a long time nearly forgotten, as can readily be proved from 
the contents of this digest. 



BARIUM. 15 

— . Salvetat: 136 (O = 16); 850 (O = 100). 

Determined from the loss of weight ensuing on the de- 
composition of barium carbonate by sulphuric acid. Details 
not given. {Paris Comptes RenduSy 17 ^ 1843, 318.) 

J. Pelouze : 137.28 (0 = 16); 858.01 (0 = 100). 

Into a nitric acid solution of a known weight of perfectly 
pure silver, a 'known and slightly more than equivalent 
weight of barium chloride was introduced. The excess 
was titrated with decimal silver solution. The value is the 
mean result of three experiments, which give an extreme 
difference of 0.22 for O = 100. The barium chloride was 
purified by recrystallizations continued till determinations 
gave a constant result, and was dessicated in part at 200°, 
and in part at a temperature just below redness. Pelouze 
took Ag = 1349.01, and CI = 443.2. [Paris Comptes RenduSy 
20, 1845, 1047.) 

C. Marignac: 137.08 (0 = 16); 856.77 (0 = 100). 

Determined by six experiments on the equivalence of sil- 
ver and barium chloride performed by Pelouze's method, 
{vide supra,) 100 silver were found equivalent to 96.365 
barium chloride ; extreme difference, 0.038 ; hence the value 
taken. Marignac takes Ag = 1349.01, and CI = 443.2. The 
barium chloride was purified as follows : Commercial chlo- 
ride was crystallized from boiling aqueous solution; the 
crystals were heated io redness, dissolved in boiling water, 
treated with carbon di-oxide, filtered" and crystallized, and 
these crystals were washed with alcohol and again recrystal- 
lized. Determinations were made at each stage and the 
purification was continued until constant results were ob- 
tained. (Liebig, AnnaL, 68, 1848, 214 ; Bibl. Univ., Arch, des 
Sciences, 8, 265.) 

H. Struve : 136.26 (0 = 16). 

100 parts of barium chloride gave 112.0938 parts of sul- 
phate as a mean of two experiments ; extreme difference, 
O.005. S = 32; 01 = 35.4624. (Liebig, Annal., 80, 1851, 
204; Oefversigt af Kongl. vet. Aeaa. Foehr., 6, 165.) 

T. Andrews : 137.578 (O = 16). 

Andrews obtained this number from two nearly coinci- 
dent experiments of which he gives no details. {Brit. Assoc. 
Rep., 1852, pt. 2,^33.) 
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C. Marignac : 137.1G (O = 16). 

Three experiments were made on the titration of air-dried 
bariam chloride in crystals by Pelouze's method, {vide supra.} 
Five grammes of the salt required for precipitation (1) 
4.4205; (2) 4.4195; (3)4.4210 grammes silver. Three ex- 
periments were made on the conversion of the same barium 
chloride into sulphate. Ten grammes of the salt gave (1) 
9.543; (2) 9.544; (3) 9.542 grammes sulphate. In each of 
the latter experiments the water was determined, and was 
found to vary no more than 0.0005 grammes. Comparison 
of the two series gives for Ag == 108, S = 16, and O = 
8; barium equal to (1) 68.57; (2)68.61; (3) 68.55; in mean 
68.58, or one-half of 137.16. This result is independent of 
the possible trace of water the chloride might have con- 
tained. In another series of three experiments the water 
was driven off at a low red heat and determined, and tho 
salt analyzed by Polouze's method. It was proved that 
barium chloride is not decomposed at the temperature em- 
ployed. (1) eave 68.61 ; (2) 58.59; and (3) 68.55, or a mean 
of 68.583. The salt for the experiments marked (1) was 
prepared by recrystallization and precipitation with alcohol ; 
that for (2) by a repetition of the same process, and for 
(3) by resolution of (2) and precipitation with chlorhydric 
acid gas. Marignac proved that the precipitated argentic 
chloride contained entirely insignificant traces of barium 
salt. CI :rr- 35.5. {Bibi Univ.y Archives des Sciences^ Nouv. 
Sine., i, 1858, 209.) 

J. Dumas : 137 (0 = 16). 

Determined by fifteen experiments on the titration of 
barium chloride with argentic nitrate, which give a general 
average of 68.516 with an extreme difference of 0.11. The 
barium chloride was prepared from pure nitrate and pure 
carbonate, and from commercially pure chloride after it had 
been freed from lead by precipitation with barium sulphide. 
The chloride was precipitated from solution by chlorhydric 
acid gas and melted in a current of chlorine to prevent oxi- 
dation. Ag = 108 ; Ci = 35.5. {Annales de Chimie et de 
Physique, (3,) 56, 1859, 137.) 



BERYLLIUM. 



The atomic heat of berj^llium has been determined by J. 
Emerson-Reynolds by direct comparison with that of silver. 
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In a cftlorimetric apparatus constructed for the purpose, the 
amount of heat given off during cooling by 108 parts of 
Bilver heated to 100° was found to be equal to that corarau- 
nicatod by a little more than 9.2 parts of beryllium under 
the same conditions. Assuming the atomic weight of 
the metal to be 9.2, the atomic heat found would be 5.91. 
The smallnesa of thia number the observer accounts for by 
supposing that there was a trace of platinum present intro- 
duced by the use of platinum vessels in the course of re- 
i^oction. {Phil. Mag., (5,)S, 1877, 38.) 

J. J. Bebzelius : li.5 (0 = 16). 

Berzelius analysed the aalt formed by saturating dilute 
sulphuric acid with beryllium oxide. From the amount of 
barium sulphate obtained he inferred that the atomic 
weight of beryllium was 331.261 on the supposition that 
the oxide was Be, + O3 and that the salt was neutral, Ber- 
zelius took = 100; S = 200.75, and Ba =855.29. [Awde- 
jew having discovered that this suit is basic, thia value is 
reduced to 90.63; or, for = 16, to 14.5.] Berzelius 
accepted Awdejew'a determination in preference to his own. 
(Poggend. AnmL, S,lS2e, 187 ; a-nd Lekrbuck da- Chemie,5th. 
ed., S, 1225.) 

T. Thomson : 36 {0 = 16). 

Experiments not given. The value ia four times nine, 
land may have arisen from a mistake as to saturation. 
''Ss/slem of Ckm. 7 ed., i, 1831, 459.) 

— . AWDEJEW : 13.35 {0 = 16) ; S6.58 (O = 100). 

Beryllium sulphate, in chlorhydric acid solution, was de- 
I composed with barium chloride. In the filtrate the excess 
I of barium chloride was precipitated with sulphuric acid, 
I and the beryllium oxide thrown down with ammonia, dried, 
heated, and weighed. The beryllium sulphate was prepared 
1 from pure carbonate by treatment with sulphuric acid and 
I precipitation with alcohol. It was purified by recrystalli- 
I zation. Four experiments were made, the moan of which 
I calculated for S = 201.165, gave Be = 58.084 with an ex- 
Itreme difiercnce of 1.955. {Poggend. AimaL,56, 1842, 106.) 
■ "Weeren recalculated these analyses for S =; 200 and got 
IfiT-TS, [or I of 86.58.] {Poggend. AnnaL, 52, 1824, 124.) 



18 ATOMIC WEIGHT BETSBMINATIONS. 

J. Wbbren : 13.83 (0 = 16) ; 86.jiJ6 (0 = 100). 

Weeren followed the same method as Awdejew, except 
that he precipitated the beryllium with ammonium sulphide, 
the oxide bein^ soluble in excess of ammonia. The mean 
of four experiments gave 57.64, the extreme difference 
being 1.52 for O = 100, [57.64 is f of 86.46.] Weeren 
took S = 200. {Poggend. AnnaL, 92, 1854, 124.) 

G. Klatzo : 13.89 (0 = 16). • 

Klatzo made five analyses of the sulphates containing 
seven and four molecules of water, precipitating the sul- 
phuric acid as barium sulphate, and the beryllium as oxide 
by means of ammonia. From a comparison of the sum of 
the oxide found in all the analyses with the total amount of 
barium sulphate found, Klatzo deduces Be = 9.227, for Ba = 
137, and S = 32. [If Ba is taken equal to 137.16, and S = 
82.07, and if each of the analyses is calculated for itself. Be 
= 13.89. The extreme difference is 0.45.] The sulphates 
were purified by recrystallization, and treatment with alco- 
hol. {Erdmann^s Joum. fiir Prak. Chemie, 106, 1868, 227; 
Klatzo, Ueber die Constitution der Beryllerdej Dorpat, 1868.) 

L. F. Nilson and 0. Pettersson have redetermined the 
specific heat of beryllium within a few weeks. They find 
the specific heat 0.4079, corresponding to a trivalent metal 
and a sesqui-oxide. The investigation seems to have been 
made with great care, while that of Emerson-Reynolds was 
merely preliminary. {BerUn, Bericht der chem. Ges., 11, 1878, 
386.) 



BISMUTH. 



Dulong and Petit, Regnault, and Kopp, have determined 
the specific heat of Bismuth. It corresponds to an atomic 
weight of about 210. {Gmelin-Kraut, l. c.) 

P. Lagerhjblm : S1S.86 (O = 16) ; 1330.377 (O = 
100). 

Metallic Bismuth was oxidized in a weighed vessel by 
nitric acid, and the nitric acid expelled by heat. 10 grammes 
of bismuth gave 11.1275 oxide. {Berzelitis^ Lehrbuck der 
Chemie, 5th ed., 3, 1216; Stockholm, Akad. Handl, 3^, 1813, 
219.) 



BORON. 19 

R. Schneider: SOS (0 = 16); 1299.98 (0 = 100). 
Determined by eight experiments on the conversion of 
metallic bismuth into oxide by solution in nitnc acid and 
decomposition of the nitrate in the eame vessel. The es- 
caping gasea were led through nitric acid, and the bismuth 
cauglit in this way was separately converted into o.'cide and 
weighed. In four experiments the bismuth was prepared 
by the reduction of basic nitrate, and for the other four by 
the reduction in hydrogen of the oxide formed in those 
which preceded. 100 bismuth oxide were found to conluiu 
a mean of 89 655 metal; extreme diflereuce, 0.048. {Pog- 
gend. Annal., 82, 1851, 303.) 

J. Dctmab: 210.44 (0 = 16). 
Determined by seven experiments on bismuth chloride, 
which was decomposed in solution by sodium carbonate, 
and the sodium chloride thus formed titrated with silver 
solution. The value taken is the mean result. The extreme 
difference is 1,12. Dumas takes Ag = 108, and CI = 35.5. 
The bismuth chloride was prepared by the action of chlo- 
rine on bismuth, and was purified by fractional distillation 
over bismuth. That employed in the experimenta was 
colorless. {Annal. de C'himie et de Physitpte, (3,) 55, 1859, 
176.) 



BORON. 



The specific gravities of a number of volatile compounds 
of boron have been determined by Dumas, Woehler and 
Deville, and others, and correspond to an atomic weight of 
about 11. {Qmeiin-Kraul, l. c; L. Meyer, I. c.) 

H. F, Weber has discovered that the specific heat of boron 
rises rapidly with the temperature, becoming nearly constant 
at 600°. Above this temperature its specific heat is 0.5, and 
its atomic heat 6.6. {Foggend. Annal., 154-, 1875, 575.) 

J. J. Bbrzeiius : 11.01 (0 = 16). 
Davy's investigations having shown that boracic acid con- 
tains aoout 68 per cent, oxygen, and having thus established 
the formula of borax, Berzeliua determined the atomic 
weight from the water contents of that salt. He found in 
three experiments, without variation, 47.1 per cent. Gme- 
lin-Eraut recalculates this composition with Stas' atomic 
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weights, and gets the value given. {Poggend. Annal,j <9, 1826, 
19.) 

A. Laurent: 10.86 (0 = 16). 

Laurent found that borax retains some water even when 
melted, which, however, can be expelled by the addition of 
iceland spar. By repeating Berzelius' experiments, and 
adding a known weight of spar, he found the water con- 
tents in two experiments 47.15 and 47.20. He did not 
regard the experiments as accurate. Gmelin-Kraut recalcu- 
lates these data with Stas' atomic weights, and gets B ^ 
10.91 and 10.81. {Paris Comptes Rendus, 29, 1849, 5.) 

WoEHLER and Deville : 10.87 (O = 16). 

These chemists titrated the bromide and the chloride of 
boron with argentic nitrate. They do not offer the analy- 
ses as atomic weight determinations, but Dumas applies the 
data to this object. Taking Ag = 108, and CI = 35.5, Dumas 
calculates from the analysis of the chloride prepared by the 
action of II CI on B, B = 11 ; from the analysis of the 
chloride prepared by the action of CI on B, B = lO.C ; from 
the analysis of the bromide prepared by the action of bro- 
mine on boron, B = 11. {Annal, de Chimie et de Physique^ 
(8,) 62, 1858, 88; 65, 1859, 129.) 

T. Thomson : 10.67 (0 = 16). 

Thomson supposed boracic acid to be composed of one 
atom of boron and two of oxygen, and concluded from 
Davy's and his own experiments that the atom of B was 
exactly equal to that of 0. For the correct composition of 
the acid his value must be reduced one-third. {System of 
Chem.j 7th ed., 1, 1831, 214.) 



BROMINE. 



Mitscherlich determined the vapor density of bromine, 
and Regnault the specific heat in a solid condition at very 
low temperatures. Both of these constants correspond to 
an atomic weight of 80. {Gmelin-Kraut, I, c; L. Meyer, L e.) 

A. J. Balard : 76 {0 = 16) ; 468.85 (0 = 100). 
1.27 potassium bromide decomposed with sulphuric acid 
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gave a residue of 0.973 potassic Bulpliate, [If this anaiysi 
ie calculated with Stas' atomic weights, it gives Br = 74.65-1 
In another experimeDt 100 parts of argentic bromide reduced 
with zinc, the excess of which was extracted with sulphuric 
acid, gave 58.9 parts silver. [Calculated with 9tas' data 
this gives Br ^ 75.3.] Balard meotiouB no special precau- 
tions iu the preparation of his salts for this uetermiaation. 
(Annal. de Chimie el Ue Physique, 32, 1826, 357, 362.) 

J. Liebiq: 75.S9 (0 = 16); 470.55 (0=100). 
2.621 potassic hromide precipitated with argentic nitrate 
gave 4.041 argentic bromide. The potassic bromide was 
obtaiued by adding potassic hydrate to an alcoholic solution 
of bromine until tne solution began to lose color. {Anncd. 
de Chimie et de Pk>/siqae, 33, 1826, 331.) 

J. J. Bebzelius : 7S.361 (0 = 16) ; 489.15 (0 = 100). 
Berzelius suspected that insufficient precautious had been 
taken in the preceding determinations to get rid of chlorine. 
He washed bromine for a loug time, and converted it into 
zinc bromide and ammonium bromide. These salts he par- 
tially precipitated with argentic nitrate to get rid of chlorine. 
From the filtrate he precipitated argentic bromide which he 
washed, dried, and melted. 7.202 of this bromide, decom- 
posed in a current of chlorine, yielded 5.546 argentic chlo- 
ride; 7.8805 bromide gave 6.069 chloride. If Ag = 1351.607, 
and CI = 442.652, the mean value of Br is as above ; differ- 
ence, 0.09. {Poqfiend. Annal., U, 1828, 566; Kongl. vet. 
Akad. Handl., 18-28.) 

C. Loewig: 75.76 (0 = 16). 

According to Gmelin-Krant, Handbuch der Otemie, the i 
determination was published in a treatise entitled Brom und J 
Seine Chemische VerhaUnisse, Heidelberg, 1829. 

C. Marignac: 79.957 (0 = 16). 

In three experiments a known weight of silver waa dis- 
solved in nitric acid, precipitated with potassium bromide, 
and the avKcutum bromide dried at 200° and weighed. [For 
Ag = 107.93 these experiments give Br = 79.938, with an 
extreme difference of 0.018.] /« vacuo this result is, accord- 
ing to Stas, 79.968, In seven experiments a known weight 
of silver was precipitated by a determinate amount of potas- 
fiie bromide by titration. [If K = 39.137, and Ag = 107.93, 
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this gives bromine = 79.924 with an extreme difference of 
0.046.] In vacuo this becomes, according to Stas, 79.945. 
In four experiments potassium bromate was decomposed by 
heat, and the potassic bromide weighed. [For K == 39.137 
these experiments give bromine at 80.11 with an extreme 
difference of 0.56. These latter are evidently much less 
accurate than the preceding, and I have therefore averaged 
the first and second series in cacuo.'\ The KBr was prepared 
by heating bromate purified bv recrvstallization. {Berzelius* 
Lehrbuch der Chemie, 5th ed., J, 1194; BibL Univ., 46, 1843, 
857.) 

W. Wallace : 79.74 (O = 16). 

Determined by analysis of arsenic ter-bromide, by titra- 
tion with argentic nitrate, according to the method of 
Pelouze, (see arsenic, Pelouze's determination.) Three ex- 
periments were made, giving a mean of 79.738 ; extreme 
difference, 0.051. As = 75 ; Ag = 107.97. The arsenic 
and bromine were directly combined, and the compound 
was purified by fractional (listillation and recrystallization. 
{Phil. Mag,, (4,) IS, 1859, 279.) 

J. Dumas : 80 (O = 16). 

Determined by three experiments on the conversion of 
argentura bromide into chloride in a current of dry chlorine. 
The mean is 80.03; the extreme ditterence is 0.18. Silver 
is taken at 108, and chlorine at 35.5. The ar^ntum bro- 
mide was prepared with bromine free from iodine, and was 
purified from chlorine by digestion with argentum bromide. 
{Annul, de Chemie et de Phi/siqiiey (3,) 5J, 18o9, 162.) 

J. S. Stas : 79.952 (O = 16). 

Four complete syntheses (the weight of each of the con- 
stituents, and of the compound being determined) were 
made of argentum bromide, a known weight of silver being 
converted into sulphate, and precipitated with a known 
weight of bromine which had been converted into hydro- 
bromic acid. The mean result was that 100 Ag = 74.0805 
Br; with an extreme difference of 0.004. Two analyses of 
argentic bromate, made by reducing the salt in suspension 
with sulphurous acid, gave for the molecular weight of the 
bromide 187.84, and 187.90, mean 187.87. A comparison 
of these data gives Br = 79.940. [This, I think, must be a 
misprint for 79.949.] Fourteen experiments were made on 
the equivalence of KBr and Ag by Pelouze's method, (see 
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As, Pelobze's determination.) Tlie meau result was that 
100 Ag = 110.345 KBr; extreme difference, 0.029. This 

fives Br = 79.958 for Ag = 107.93, and K = 39,137. The 
romate of silver was prepared froui potaeaie broinate aud 
silver salts. For the preparation of Ag see Stas' dutermi- 
nation of it. The potasaic bromate was prepared by the 
action of chlorine on a mixture of KBr and KHO. The 
ibromide was prepared by the action of heat on bromate, by 
ating bromine with KHO, and in other ways. No reagents 
were probably ever prepared with such care as those em- 
ployed in this and the accompanying determinations. The 
weights are all in vacuo, {Stas, Untersueh. iiber Chem, Pro- 
port., Leipzig, 1867.) 



CADMIUM. 



^P Regnault, Kopp, and Bunsen have determined the specific 
beat of cadmium, which corresponds to an atomic weight 
of 112. Deville and Troost determined the density of cad- 
mium vapor at above 1000". It answers to an atomic weight 
, of 114. ( Gmclin-Kraut, I. c; L. Meyer, I. c.) 

F. Btrometek : 111.48 (0 = 16); 698.767 (0 = 100). 

Stromeyer found that 100 parte of cadmium combine with 

|t4.352 parts of oxygen to form the oxide. (Berzelius' Lehr- 

fiuckder C'AeTTiie, 5th ed., ,!?, 12] 9 ; Sckwewger'a Joarn., SS,IS18, 

T. Thomson: 112 (0 = 16); 700 (0 = 100). 
Thomson says that he has shown this to be the true value 
by analysis of the sulphate in two different states. {Sj/siem 
'"■ " Chem., 7th ed., 1, 1831, 655.) 

K. VON Hadbr : 112 (0 = 16) ; 700 (O = 100). 
Determined by nine experiments on the reduction of cad- 
mium sulphate to sulphide in a current of hydrogen sulphide 
under pressure. The mean of the experiments gave Cd = 
:fi5.999 ; extreme difference, 0.16. Von Hauer took S =: 16, 
le sulphate was purified by repeated recrystallizations and 
ly conversion into oxide. It was dried at 200°. The sul- 
fflide was in each case carefully examined for undecomposed 
sulphate. {Erdmann's Journ.fiir Prak.Chcm., 7.7, 1857, 346.) 
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J. Dumas : 112.24 (O = 16). 

Determined by six experiments on the titration of cadmium 
chloride with argentic nitrate. The mean of all the experi- 
ments was Cd = 56.12 ; extreme diflterence, 0.49. The third 
experiment varies considerably from the rest, and Dumas 
seems inclined to omit it in the average. If it is left out, 
the mean becomes 56.06 ; extreme difference, 0.29. Dumas 
takes CI = 35.5 ; Ag = 108. The cadmium chloride was 
prepared in two lots by solution of cadmium in chlorhydric 
acid, evaporation and melting for several hours in a current 
of chlorhydric acid gas. {AnnaL de Chimie et de Physique^ 
(3,) 66, 1859, 158.) 

E. Lenssen : 112.06 (O = 16). 

Three experiments were made on the decomposition of 
cadmium oxalate, the salt and the resulting oxide being 
weighed. The mean result was Cd = 56.08 ; extreme dif- 
ference, 0.19. C = 6. The oxalate was prepared from pure 
chloride by precipitation with oxalic acid, washing and dry- 
ing at 150°. It was carefully tested, and was found to be 
anhydrous. (Erdmann's Joum. fUr Prak. Chemie, 79, 1860, 

281. 



CESIUM. 



The great similarity between csesium and the other alka- 
line metals renders the deduction of its atomic weight from 
its oquivalent sufficiently certain. 

KiROUUOFF and Bunsex : 123.35 (O = 16). 

Dotorniinod by three experiments on the analysis of the 
ohlorido with aVgontio nitrate. The value is the mean ; 
oxtromo diiforonoo, 0.13. The oa?sium was separated from 
tho othor iilkalios by extracting a mixture of oxides and car- 
bonates with a!ooh\>l. It was converted into chloride by 
prooipitation with platinum ohlorido, reduction of the dou- 
blo ohlorido in hyilrogon and solution. These operations 
woro ropoatod until tho oa^sium siilt giivo sensibly the same 
rosuhs attor suooossivo puritioations. Its purity was also 
tostovl spootrvv^oopioally. Silver was taken at 107.94, and 
vhloriue at ru'v4(>. yl\\hjouL AnmL, lIo\ 1861, 363.) 



Johnson and Allen : 133 (0 = 16). 
I Determined by four experiments on the precipitation of 
I chloride with argentic nitrate. The mean result 
jftaa Cb = 133.036; the extreme difference, 0.842. Ag = 
J07.94; Ci = 35.46. Cfesinm and rubidium were separated 
/ partial crystallization of their bitartrates. The ciesium 
^tartrate was converted into chloride by precipitation with 
Istinum chloi-ide, reduction and solution. The nitrate 
prmed ou the precipitation of the cfesiuni chloride with 
jl^er was reconverted into cseaiuni chloride and redeter- 
llined, and so on. The purity of the salt was tested apeo- 
toacopically. [SiUiman's Amer. Journ., (2,) 35, 18G3, 96.) 

R. W. Bunsen; 133 (0 = 16). 
[Determined by three experiments on the precipitation of 
ium chloride with argentic nitrate. The mean result 
, 132.99; extreme difference, 0.02. Ag = 107.94; CI 
■*= 35.46. In order to prepare pure chloride, a mixture of 
Cfesium and rubidium salts was converted into carbonates, 
a little more tartaric acid was added than was necessary to 
form acid tartrate with the rubidium and neutral tartrate 
Mrith the ctesium, and the mixture was exposed on a filter 
> the action of a saturated atmosphere of aqueous vapor. 
Che cfesium salt is deliquescent, and gradually passes 
J:t the filter, while the rubidium salt is unaffected, 
the cesium tartrate was turned into pure chloride by re- 
sated precipitation with platinum chloride, reduction in 
jydrogen and solution. The determinations were made on 
be product of successive purifications, and only those were 
ken into consideration which were made after analysis 
kowed a constant composition. The spectroscope was em- 
Uoyed to test the purity of the salt, (Poggend. Annal., 119, 
'^", 5.) 

— . Mercer: 133 (0 = 16). 
' The fact of this determination, without details, is men- 
loned by Franldand. (Ckem. News, 8, 1863, 18.) 

R. GoDEFFBOY : 132.557 (0 = 16). 
1 Derived from the mean of four analyses of cEesium chlo- 
[ide with argentic nitrate, the extreme difference being 
0.185. CI = 35.5 ; Ag = 108. The cresium was separated 
from the other alkalies by the fractional crystallization of 
their alums continued until the csesium compound was 
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spectroscopically pare. The alaminiam was removed with 
ammoDia, the salpharic acid with barium chloride and 
traces of barium with ammouiam carbonate. The cssium 
chloride, which was not deliquescent, was dried at 150^. 
{Liebig's AnnaL, 181, 1876, 185.) 



CALCIUM. 



Bunsen has determined the specific heat of calcium. It 
corresponds to an atomic weight of 40. {Gmelm-Krautj L c.) 

F. H. Wollaston: 40.7S6 (0 = 16); 254.6 (0 = 
100).. 

Wollaston found that 43.7 parts of carbon di-oxide satu- 
rated 56.3 parts of lime. If C = 75.4, the value follows. 
{Pha. Trans., lOi, 1814, 20.) 

J. J. Bebzelius : 40.3^ (O = 16) ; 252.075 (O = 100). 

301 parts of anhydrous calcium chloride gave 775 parts 
argentic chloride. If CI = 443.28 and Ag = 1349.66 the 
value follows. This analysis, made in 1818, was erroneously 
calculated from a mistake in setting down its results and 
the atomic weight of Ca was taken at 256.019. {PoggeruL 
Annal.,8, 1826,189; and Lehrbuch der Chemie, 5th ed., ^, 
1227.) 

J. Dumas: 40 (0 = 16). 

Three experiments were made on the calcination of cal- 
cium carbonate which contained 0.03 per cent, of ferric oxide 
and silicic acid. The weight of the residue was in mean 
56.07, or, subtracting 0.03, 56.04, with an extreme difference 
of 0.08. These figures give almost exactly 40. The weigh- 
ings are reduced to vacuum. {Paris Comptes JRendus, H^ 
1842, 537.) 

— . Salvetat : 40 (O = 16) ; 250 (O = 100). 

It is to be inferred from the context that this determina- 
tion was made from the loss of weight ensuing on the de- 
composition of calcium carbonate by heat or sulphuric acid. 
{Paris Comptes Bendus, 17, 1843, 318.) 
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C. Makionac: 4O.SO8 (0 = 16); 251.3 (0 = 100). 

' 'oterrained by precipitating calcium chloride with argen- 

iitrate; Ag = 1349.01; 01 = 443.2. MarigDuc laid uo 

.:]it on this determiimtioa fiuding it impoaaible to pre- 
' calcium chloride which did not show au alkaline re- 
11. The preeenae of caustic lime would make the result 
■iiiiously high; no doubt Berzelius' eariy analysis was 
.:jiive from the same cause. {Bcrzclias' Jahresbericht, 34-, 
i-44. 103; BM. Unio., 46,\UZ,ZQ1.) 

Erdmann and Maboeiand: 40.007(0=100). 
Four experiments were made ou the calcination of oal- 
ciuni carbonate enclosed in a double platinum crucible in a 
n^i 1 1(1 -furnace, till the weight was constant. A mean of 66 
■cut. calcium oxide was found with an extreme dif- 
loeof 0.05. This gives Ca = 40for = 12. Two ex- 
iiieiits wore made by decomposing calcium .carbonate 
ulphuric acid. These gave a mean of 43.99 carbonic 
; difference, 0.02. The value taken is the mean of all 
riments. The carbonate was prepared by precipitating 
i ■ chloride with ammonium carbonate, and drying at 
' U\ 180°. Confirmatory experiments were made on ice- 
! -par. Tbe weighings are reduced to vacuum. {Erd- 
/'■.? Joum.fiir Prak. Chm., S6, 1842, 472.) 
Utirzcliiis maintained that Erdmann and Marcliaud em- 
ployed material containing water, chlorine and magnesium. 
Erjmaun and Marcliand answered that there could be no 
niiisneaium and was no chlorine but that they had convinced 
iiMolves that spar is tbe only compound of certain and 
!;iiit composition. Berzelius replied that they then 
.i^ied that their carbonate contained water. Erdmann 
Marchand appealed to their experiments on spar, upon 
li Berzelius made experiments showing that spar, too, 
..us water at 200°. This Erdmann and Marchand de- 
■ ;ind finally assert that all the carbonic acid is not driven 
.it any attainable temperature, and that their results 
I therefore too higli instead of being too low. The 
■V they estimate to exactly cover the difference between 
:r iivei-uges and 40. (Erdmann's Joum.fiir Prak. Chcm., 
. 1844, 257; S7, 1846. 75; 50, 1850, 237.) 

Erdmann and Marchand: ^0.0(55(0 = 16); 250.39 

1(0 = 100). 
Thespar experiments referred to above. Six analyses were 
Dude as before, giving a mean of 56.028 oxide; extreme 
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difference 0.047. {ErdmanrCs Joum. fur Prak. Chemie^ SI, 
1844, 268.) Another experiment, in which the absence of 
water was proved, gave 56.03 lime. The weighings are re- 
duced to vacuum. {ErdmanrCs Joum. fiir Prak. Chem.yST^ 
1846, 77.) 

J. J. Berzelius : ^.^6^ (O = 16) ; 251.651 (0 = 
100). 

Five experiments were made on the conversion of causlk 
lime into sulphate. The value is the mean for 8 = 200.75; 
extreme difference 0.962 for O = 100. The lime was care* 
fully purified and burnt, but Berzelius says nothing of teet- 
ing it for carbonic acid, upon which Erdmann and Marchand 
found an objection. Berzelius expresses himself ill satisfied 
with the results. {Liebig's AnnaL^ ^, 1843, 241; also 
Lehrbuch der Chernie, 5th ed., 5, 1228.) 

J. Dumas : 40.02 (O = 16). 

Five experiments were made on the titration of calciam 
chloride with argentic nitrate. They give a mean of 20.065, 
but Dumas considers only three of them as entitled to a 
voice. These give 20.01; extreme difference, 0.03. The 
calcium chloride was prepared by dissolving marble in 
chlorhydric acid, digestion with lime water, filtration, 
evaporation, treatment with chlorhydric acid and heating 
in a current of chlorine. For the three experiments 
averaged the chloride was kept melted in the current of gM 
for from 8 to 10 hours. Ag = 108 ; CI = 35.5. {AnruiL di 
Chimie et de Physique, (3,) 66, 1859, 129.) 



CARBON. 

The specific gravity of gaseous carbon compounds shows 
that the atomic weight must be nearly 12. {Qmelin-Krautt 
l. c.) Weber has shown that the specific heat of carbon at 
high temperatures obeys Dulong and Petit's law. 

F. H. Wollaston: 1^.064 (O = 16); 75.4 (O =100). 

Biot and Arago found the specific gravity of carbon fr 
oxide 1.5196, and that of oxygen, 1.1036. Calculation from 
these data gives the value. {Phil. Trans., 10^, 1814, 20.) 
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J. J. Berzeltdb: earlier determinations. 



In 1817 Berzelias attempted to determine the atomic 
■weight of carbon by two analyses of plumbic carbonate. 
[Theao analyses calculated for Pb = 206.926 (Stas,) give O 
= 11.998 and 11.984, or 74.99 and 74.90.] Considering the 
difference too great, he calculated the atomic weight from 
Biot and Arago's determination of the specific gravities of 
carbon di-oxide and o-vygen, 1.10359 and 1.51961. Berze- 
lius gives 75.33 as the result; [I make it 75.394.] Subse- 
quently, (1819,) Berzeliua and Dulong determined these 
specific gravities more accurately at 1.524 and 1.1026 whence 
he calculated 0^76.437. This number was accepted until 
Damas showed it to be false, although in the mean time 
carbon di-oxide had been shown to he a condensible gas. 
According to Dumas, Berzeliua at one time accepted a value 
76.52 of which I have found no account. In Berzelius' 
Lehrbuch, S, 1174, 76.48 is a misprint for 76.437. {Ber?elius' 

Kbuch der Ckemie, 5th ed., S, 1197, et passim.) 
T. TnoMSON: IS (0 = 16); 75 (0 = 100). 
^liomson found the epecific gravity of carbon di-oxide 
1.52673. Assuming the specific gravity of oxygen at 1.1111, 
chiefly to accord with the supposition that air is a compound 
containing 20 per cent, of oxygen, he calculates the atomic 
weight of carbon at 75. {Erdmann's Joum. fiir Pralc. Ghem., 
S, 1836, 372 ; Records oj General Science, by R. D. Thomson, 
1836, 179.) 

J. Dumas : about 13.16 (O = 16); 76 (0 = 100). 
From analysis of well crystallized naphthaline, Dumas in- 
fers that the atomic weight of carbon cannot be so high as 
76.44, and must be nearly as above. {Poggend. AnrmT., 44* 

1838, no.) 



J. J. Bbrzblids: 1S.33 (0 = 16 ); 76.458 (O = 100). 



HwDC experiment was made on the decomposition of plum- 
Wc carbonate by heat, which gave C = 76.405. [If Pb = 
206.926, the data give C = 12.185, or 76.167.] Another 
experiment vvas made on the oxalate, which gave C = 76.511. 
Berzelius regards these results as confirmatory of the value 
76.43a. The plumbic carbonate was prepared by precipi- 
tating the nitrate with ammonium carbonate. The oxalate 
was obtained by decomposing the acetate with oxalic acid. 
{Licbig's Annai, SO, 1839, 241.) 
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G. FowNES : 12.12 (O = 16). 

Determined by three analyses of naphthaline with cupric 
oxide, the usual precautions being observed. The value is 
the mean ; extreme difference, 0.14. The naphthaline was 

Eurified by slow -sublimation in a florence flask, and was 
rilliantly white. Fownes does not regard his results as 
conclusive as to the exact value. {PhiL Mag,^ (3,) 15^ 1839, 
62.) 

E. MiTSCHERLiCH : 12.016 (O = 16) ; 75.1 (O = 100). 

Experiments made on the analysis of naphthaline by the 
ordinary method of organic analysis gave never more thao 
75.2, and those which seemed most accurate very nearly 75. 
(Mitscherlich's Lehrbuch der Chemiey 4th ed., i, 1844, 595.) 

Dumas and Stas : 12 {O = 16) ; 75 (O = 100). 

Dejj^rmined by fourteen experiments on the combustion 
of carbon in oxygen, the resulting carbon di-oxide beinff 
weighed. In five cases natural graphite was employed, and 
in four graphite from charcoal pig-iron. Both were puri: 
fied by treatment with acid and heating in chlorine. The 
necessary oxygen was developed in the combustion-tabe 
from potassic chlorate and cupric oxide. In five experi- 
ments diamond was employed, and the oxygen was furnished 
from a gasometer. The oxygen was displaced by air, espe- 
cially purified from carbon di-oxide by milk of lime. The 
products of combustion were collected in tubes filled with 
pumice stone moistened with sulphuric acid, Liebig potash- 
bulbs and tubes filled with dry potash. The mean of the 
experiments on graphite gave C = 74.982; those on dia- 
mond gave 75.005 ; the extreme difference was 0.238. The 
observers point out that the result would not be affected by 
reduction to vacuum. [Annal. de Chimie et de Physique^ (8,) 
i, 1841,5.] 

Liebig tninks that potash must have been volatilized, and 
says that there is no assurance that the oxygen was com- 
pletely expelled by air. He also points out that the analyses 
of camphor and benzoic acid, accompanying the investiga- 
tion, show an excess of carbon for C = 75. {Liebig^s 
Annal., 38, 1841, 195.) 

Erdmann and March and : 12,009 (O = 16) ; 75.054 
(O = 100). 

Erdmann and Marchand repeated Dumas' and Stas' ex- 
periments. ' Five experiments on diamond gave C = 75.028 ; 
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OABBOK. 

reme difference, 0.38. Three experiments od natural 
I one on artificial graphite gave C^ 75.087; extreme 
difference, 0.13. The number is the mean of all experi- 
ments. Erdniann and Marchand adopt 75. Calcium chlo- 
ride waa used in these experiments instead of sulphuric 
acid to avoid objections as to the possible volatility of the 
acid. {Erdmann's Journ. fiir Prak. Ckem., 3S, 1841, 159.) 



Beezelidb and Liebig and Eedtbnbaoher : 1SJ19 
(O = 16) ; 75.741 (0 = 100). 



Ive analyses by Berzelius of the tartrate of lead, the 
mpnsition being effected by beat, gave 62.7431 per cent, 
plumbic oxide; extreme difference, 0.045. Several analyses 
of plumbic raeemate gave a mean of 62.75 per cent oxide; 
extreme difference, 0.05. The salts were prepared by frac- 
tional precipitation of plumbic acetate with tartaric and 
raceraie acids respectively. They were dried at 100°. (Pog- 
gcnd. Annal., 19, 1830, 306.) From the analyses of the 
tartrate Liebig and Redtenbacher calculate C = 75.771, and 
from the raeemate 75.711, taking Pb = 1294.489 and H = 
6.2394. [Liebig's Amml., 38, 1841, 137.) 

ILiBBiQ and Redtbhbachbr : 12.137 {0 = 16) ; 75.854 
(0 = 100). 
termined by decomposing known weights of organic 
raits of silver in a covered crucible by beat and weighing 
the silver. Five analyses of each of the following salts 
showed that 18.6113 Ag = 28.8098 acetate; 9.6171 Ag = 
16.223 tartrate; 16.2641 Ag = 27.438 raeemate; 16.0596 
Ag = 25.9019 malate. If Ag = 1351.607 and H = 6.2394, 
the above value for C follows, with an extreme difference 
for the 20 analyses of 0.765, (0 = 100.) The figures are all 
calculated for vacuum. [If Ag = 107.93 and H = 1.0025, 
the average number obtained from the mean of each set of 
analyses gives C = 12.06865 or 75.429.] The acetate was 
prepared by partially neutralizing pure acetic acid with 
ammonia, precipitating with argentic nitrate and rocrystal- 
ii?.ing the salt from not aqueous solution. The crystals 
Were dried at 103°. The acetic acid was prepared from 
plumbic acetate. The tartrate was prepared by adding tar- 
trate of sodium and potassium to a hot {80° to 85°) dilute 
solution of argentic nitrate till a small permanent precipi- 
irtte was termed, and cooling the solution. The raeemate 
was prepared from pure acid raeemate of ammonium like 
iLe tartrate. The malate was prepared from calcium 
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malate and argentic nitrate. The salt thus obtained was 
dissolved in nitric acid, and reprecipitated with ammonia 
added drop by drop, not to complete neutralization, washed 
and dried. (Liebig's Annal., 88, 1841, 139.) 

A, Strecker recalculated Liebig and Redtenbacher's 
analyses given above, independently of the atomic weight 
of silver, from the difference in their atomic composition, 
employing the method of least squares. He found C = 
75.415 ± 0.061, or 12.066 ± 0.01. In the same way, and 
from the same analyses he calculated the atomic weight of 
silver at 1348.79, or 107.9032. [The close coincidence be- 
tween this result and Stas', is certainly worthy of remark.] 
{Liebifs Annal, 69, 1846, 280.) 

Marignac repeated Liebig and Redtenbacher's experi- 
ments and got almost the same results, but, by varying the 
method so as to preclude loss by spirting, different ones. 
{Liebig'8 Annal, 69, 1846, 287.) 

Stas had the same experience as Marignac, and also 
ascribes Liebiff and Redtenbacher's high results to loss by 
spirting. (Bulletin de I' Acad, Boy. des Sciences de BelgiqiUy 
16, 1849, 9.) 

C. Marignac : 11.986 (O = 16). 

Determined by three analyses of the acetate of silver. The 
salt was decomposed by heat in a tube in such a way that 
the products of decomposition were forced to pass through 
porous silver, and loss by spirting was impossible. 100 parts 
of the salt were found to contain a mean of 64.664 silver, with 
an extreme difference of 0.005 in vacuo. [If Ag = 107.93, 
these figures give the above value.] Marignac regards the 
analysis as a confirmation of Dumas and Stas' determina- 
tion. The acetate was prepared by solution of argentic 
carbonate in acetic acid and successive recrystallizations. 
(Liebig' 8 Annul., 69, 1846, 287; Bibl. Univ., Arch, des 
/Sciences, 1. 1846.) 

Strecker believes that the silver in Marignac's determina- 
tion must have retained carbon. (Ibid. 284.) 

F. VON Wrbde: 12.019 (0 = 16); 75.12 (0 = 100). 

Von Wrcde determined the specific gravity of carbon di- 
oxide, taking into consideration its variation from the law 
of Marriotte. He found it equal to 1.52037 ^ + 0049.p . 

He also found the specific gravity of oxygen 1.1052 and 



that of carbonic oxido 0.96779. Coraparieon gives C ;= 
75.11 to 75.14. {Bersdius' Jahresberickt,SS, 1842, 72.) Berze- 
lius adoplefl thie determination. 

Accoi-diiig to Gmeliu-Kraut, 1, (2,) 70, Regnault's value 
for tlie specific gravity of oxygen combined with von Wrede'a 
for carbon di-oxide gives C ^ 12.0037, and with that for car- 
bonic oxide C = 12.0105. 

PJ. S. Stas : 13.005 (0 = 16) ; 75.039 (0 = 100). 
Determined by passing carbonic oxide over a known 
Tteight of pure eupric oxide, and weighing the carbon di- 
oxide formed. Stas got from eight oxperiments C = 74.993 
to 75.055. [The number taken is the mean of the reeulta, 
which is misprinted in Stas' paper 75.039.] The carbonic 
oxide was prepared from oxalic acid by the action of sul- 
phuric acid. It was purified from carbon di-oxide by pass- 
ing through potash tubes, and from oxygen by passing over 
hot copper filings, and was kept in a gasometer over water, 
in which was dissolved a solution of stannous oxide in pot- 
ash. The eupric oxide was prepared by igniting pure eupric 
nitrate. The carbonic acid formed in the eifperimenta was 
caught in potash and sulphuric acid tubes. The amount of 
carbon di-oxide weighed was from 23 to 67 grammes. The 
weighings are reduced to vacuum. [BuUetin de VAcad. Roy, 
^^^iUs Sciences de Be^qiie, 16, 1849, 9.) 

H -i 
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B. C. Brodie: 33 (0 = 16). 



By the action of potassic chlorate and nitric acid on gra- 
phite, Brodie obtained a compound of carbon, oxygen and 
_ 1 containing 11 atoms of carbon, and by the action 
t beat on this substance two others containing, respectively, 
22 and 66 atoms. The first of those ia analogouB to the 
hydrated oxide of silicon obtained by Buflf and Woehler, 
if Si = 21. From this fact, and the specific heat of gra- 
phite, Brodie concludes that the atomic weight of the 
graphitic form of C is 33. [Phil. Trans., I49, 1859, 249.) 
Grabam-Otto points out that if Si = 28, graphon must be 
44, and that, in that case, the argument from the specific 
heat loses its applicability. 
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CERIUM. 

The specific beat of metallic ceriam, as determined by 
W. F. Hillebrand, is 0.04479, and the atomic beat 6.18 if tbe 
atomic weight is 138. iPoggaidL AnnaL, 158 j 1876, 86.) 

It is well known that cerium is always accompanied in 
nature by lanthanium and didymium. The former was dis- 
covered in 1839, and the latter in 1843, both by Mosander. 

W. HisiXGKB : 1S7.93 (O = 16). 

According to Hisinger, as reported by Berzelius, the lower 
oxide of cerium contains 14.821 O per 100 Ce, giving the 
atomic weight at 574.718 for O = 100, if the lower oxide is 
regarded as a protoxide. (Poggend. AnnaL^ 5, 1826, 186.) 

T. Thomson : 150 (O = 16). 

Thomson analysed the sulphate and obtained for cerium 
the value 62i, (O = 100.) [He probablv took barium = 70.] 
{System of Chem., 7th ed., i, 1831, 466*) 

F. J. Otto : 138.91 (O = 16). 

According to Gmelin, Otto found in an approximate de- 
termination Ce = 578.8, and recorded it in his revised trans- 
lation of Graham's Chemistry, i, 1840, 222. 

A. Berinoer : 138.48 (O = 16). 

[Three analyses of cerous chloride with silver give the 
atomic weight of cerium at 576.375, or 92.22, if Ag = 
107.93, and CI = 35.457. Inconsistent results are given for 
an analysis of the sulphide.] Three analyses of the sul- 
phate in which the oxide was determined, gave 57.4717 per 
cent, so-called protoxide, [or Ce = 576.31, or 92.21, if S = 
32.0742.] Analysis of the formate gave Ce = 577.04 for 
C = 75.85. The material for the preparations was eerie 
oxide obtained from cerite, and purified from lanthanium 
by digestion with very dilute nitric acid. The lower oxide 
was assumed to be Ce O. {Liebig's AnncU.^ 4^j 1842, 134.) 

R. Hermann : 138 (O = 16). 

The lower oxide was assunaed to be Ce O. 23.523 parts of 
anhydrous cerous sulphate gave 29.160 parts of barium sul- 
phate, giving Ce = 575, for = 100, Ba = 856.88, and 
S = 201.16. The salt was obtained by precipitating basic 
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sulphate from a sulphuric solution of the cerite oxides, and 
j converting this precipitate into the neutral salt. (Erdmann'a 
\joum.fUr Prak, Ckem., SO, 1843, 184.) 

C. Rammelsberq : 137.93 (0 = 16). 

Hermann atatea that Rammelsherg experimented on 

' cerium salts free from lanthanium, and got Ce = 574.7, the 

lower oxide being supposed to contain one atom of oxygen. 

ri cannot find the original paper.] [Erdniaym's Joum.fUr 

Trak Chem., SO, 1843, 184.) 

0. Marionao : U1.79 (0 = 16). 
The result of seven experiments on the titration of cerous 
sulphate, prepared from hasic sulphate, with barium chlo- 
ride. [Erdmann's Joum. far Prak. Ckem.,4S, 1849,406; 
£ibl. Univ. Arch des Sciences, S, 265.) Marignac subsequently 
made experiments which showed these results to be too high 
Lfrom the impurity of the barium sulphate precipitate, (see 
■ note to Turner's determination of Barium,) and that the 
Inumber 575 (for O = 100 and ceroua oxide Ce 0) was more 
probable. {Annal. de Chimie et de Physiqtte, (3,) 38, 1853, 
*-3.) 

T. Kjbrolp: 17i.56. 
Kjerulf obtained, by three organic analyses of cerium 
■oxalate, Ce = 727.33 on the protoxide theory, = 100. The 
■4alt was prepared by dissolving cerium oxide in oxalic acid. 
1-lLiebig's AimaL, S7, 1853, 12.) Bunsen points out that this 
I inuet have been a basic salt. [Ibid, 105, 1868, 50.) 

R. BuNSEK and J. Jegel : 138.193 (O = 16). 
The lower oxide was presumed to contain one atom of 
' oxygen. In two experiments cerous sulphate was decom- 

fiosed with ammonium oxalate. The sulphuric acid thus 
iberated was determined with barium sulpbate ; the cerium 
oxalate precipitate was decomposed by heat with the forma- 
tion of eerie oxide, which was weighed and the additional 
oxygen, introduced by heating, determined by iodometrio 
titration. The salt was not anhydrous ; the water contents 
was estimated by diiterence. The experiments gave respec- 
tively 57.49 and 57.46 per cent cerous oxide in the anhvdrous 
salt, or Ce = 576.3 and 575,25 if S = 200. One experiment 
, was made on hydrous cerium oxalate. The cerous oxide 
was found as before; the water was determined and the 
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oxalic acid was estimated by difference. This gave 60.02 
per cent, cerous oxide, calculated for the anhydrous salt, or 
Ce = 675-65. The salts were prepared from cerite as fol- 
lows: the mineral was digested with sulphuric acid, the 
sulphates formed were leached with water and with dilute 
nitric acid ; this solution was treated with hydrogen sul- 
phide, chlorhydric acid was added and cerium oxalate was 
precipitated. The oxalate was heated with magnesia to 
convert the cerium into the higher oxide, which was dis- 
solved in concentrated nitric acid. After diluting the solu- 
tion, chemically pure basic sulphate was precipitated. In 
the preparation of cerous sulphate and oxalate oxidation 
was prevented by the action of sulphurous acid. {Liebig's 
AnnaL, 105, 1858, 45.) 

C. Rammelsberg : 138.216 (O = 16). 

One experiment on the organic analysis of cerium oxalate 
by heating in a current of oxygen behind copper oxide gave 
Ce = 575.9, (O = 100,) or 92.144, (O = 16,) cerous oxide 
being regarded as Ce O. Rammelsberg does not adopt his 
own, but Hermann's determination. {Poggend. Annal., 108y 
1859, 44.) 

C. Wolf : 136.992 (O = 16). 

Determined from experiments on the sulphate, prepared 
and analyzed as by Bunsen and Jegel. Wolf purified the 
basic sulphate by solution in nitric acid and reprecipitation 
in hot water, aided by recrystallizations. He found that 
the oftener these processes were repeated the smaller was 
the atomic weight resulting from the analysis. The purifi- 
cations were repeated until the salt was spectroscopically 
free from didymium, and was perfectly white, (that employed 
by other investigators had been yellowish or buff.) The 
value taken, 45.664, [or J of 136.992,] was the smallest 
and last value reached. The investigation was made in 
Bunsen's laboratory. {SiUiman's Am. Joiim.y (2,) 46, 1868,. 
53.) 

C. H. Wing : 137.01 (O = 16). 

Two experiments were made on the decomposition of 
hydrous cerium sulphate with oxalic acid, the cerium oxalate 
being converted into eerie oxide by heat. The amount of 
cerous oxide in the eerie oxide was calculated according to 
Wolfs results, ^ving for the atomic weight of cerium 45.64 
and 45.69, 8 being 32. The cerium was six times recon* 
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Jverted into basic sulphate, and repeated recrystallizatioiiB 
re made. The eaJt was white am! spectroscopically pure. 
e determination was made in Gibbs' laboratory. {SUli- 
n's Amer. Journ. (2,) J,9, 1870, 366.) 



J>, Mendelejeff: 



! (0 = 16). 



Mendelejeff first suggested raising the atomic weight of 
cerium from 92 to 138. His reasons were a specitiu heat 
determination which he hud made with very impure metal, 
and the fact that the supposed aesquioxide had never been 
shown to exist. He believes that the atomic weight will 
* ; found somewhat below 138, because that is the atomic 
t of barium. {Uebig's Annat., aupp!., 5, 1871, 186.) 




BuEmtio: J40.6iS (0 = 16). 
Determined from ten analyses of the hydrous oxalate per- 
rmed by combustion in a current of pure oxygen behind 
copper oxide. The water was collected in tnbes tilled with 
calcic chloride, and the carbonic acid in potash. Five ex- 
periments in which the cerium oxide was not ileterrained 
;ave a mean of 94,1304, on the supposition that ceroue 
aide contains 1 atom of oxygen and that O = 15.96, with 
extreme difterence of 0.0445. Five determinations in 
hicb the cerium was determined as eerie oxide gave 
1.2260, with an extreme difference of 0.0431. Carbon was 
taken at 11.97. The mean result is Ce = 94.1782 for the 
above mentioned assumplions, [or 140.648 for = 16, and 
on the supposition that cerous oxide is a sesqui-corapound.] 
The oxalate was prepared from basic nitrate purified by 
Gibbs' method of oxidation with minium and nitric acid. 
The salt was spectroscopically pure. {JUrdmann's Journ. fUr 
WLPrak. Chm., ISO, 1873, 222.) 



. The density of chlorine gas and the specific heat of chlo- 
rine compounds leave no doubt that the atomic weight of 
ttbie element is nearly 35.5. {Gmelin-Kraul, I. c.) 

Maroet, Berzelios, Wollaston : S$.S8 {0 = 16). 
Marcet, by experimenting on the calcination of pure mar- 
He, aad on the Buturation of chlorhydric acid with lime, 
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fonnd as the mean of many trials, that 50.77 calcic carbo- 
nate are equivalent to 56.1 calcic chloride. Wollaston^ 
taking the equivalent of calcic carbonate at 630, and that 
of calcium at 255, calculates the equivalent of chlorine at 
441 for O = 100. Wollaston cites Berzelius as having ob- 
tained the same number by the conversion of plumbic car- 
bonate into chloride. {Phil. Trans., 97, 1807, 301; 104^ 
1814, 20.) 

J. J. Berzelius : S5.4J2 (O = 16) ; 221.327 (0 = 
100). 

The molecular weight of potassium chloride was ascer- 
tained from four experiments on the decomposition of 
potassium chlorate, which on being heated lost 39.15 per 
cent, oxygen. This gives for the chloride 932.567, (O ^ 
100.) 100 parts of potassium chloride were further found 
equivalent to 192.4 parts argentic chloride, and 100 parts of 
silver to 132.75 argentic chloride. The value follows. 
Berzelius in his Lehrbuch accepts Marignac's determination 
and ascribes the error of the value he had obtained to the 
imperfect decomposition of that portion of the chlorate 
which was carried oif as dust during the experiment. (Pog- 
gend. Annal., 8, 1826, 17; also Lehrbuch der Chemic,S, 1189, 
1191.) 

E. Turner : 35.42 (O = 16). 

Turner made two experiments on the decomposition of 
plumbic chloride with argentic nitrate. Assuming the 
atomic weight of lead at 103.6, and that 100 silver = 132.8 
chloride, these analyses gave CI = 35.43 and 35.48. Turner 
also decomposed corrosive sublimate with calcic oxide neu- 
tralized with nitric acid and precipitated with argentic 
nitrate. If mercury = 201, these analyses give a maximum 
of 35.28, and a minimum of 35.21, of which Turner selects 
the largest. From calomel treated in the same way, he 
arrived at the value 35.35. From his experiments on the 
composition of argentic chloride (and apparently compari- 
son with potassic chloride and chlorate) Turner got 
35.45. The mean of the other experiments was 35.35, but 
Turner considers 35.42 as being the most likely value. The 
plumbum chloride was prepared from the carbonate, and 
was purified by recrystallization, as was also the corrosive 
sublimate. The calomel was " prepared by Mr. Howard,'^ 
and retained traces of moisture at 300°, which would make 
the atomic weight derived from its analysis too small. The 
values are for vacuum. {Phil. Trans., 123, 1833, 529.) 



F. Penny : 35.454 (0 = 16). 
I Six cxperimentB on the conversion of silver into nitrate 
'ive 100 Ag = 157.441 nitrate; extrenie difference. 0.028. 
welve experioients by three different methoija on the con- 
brston of silver into chloride gave 100 Ag = 132.837 chlo- 
mie. Four series of cxperiiaeuta on the intercon version of 
KtaBsic chloride, chlorate and nitrate gave for the difference 
between the molecular weights of the chloride and the 
nitrate 26.6G. Corresponding experiments with sodium 
salts gave the same difference 26.568. The mean combined 
with the data for the silver salts gives the molecular weight 
of argentic chloride at 143.424, and CI ;= 35.454. For tur- 
ther details see Penny's determinations of potassium, sodium, 
uitrogea and silver. The weighings were CHlculated for 
wuurn. (Phil. IVans., 139, 1839, 32.*} 

E. Phillips : 35.688 (O = 16). 
I In order to avoid the error possibly incurred by the melt- 
tag of argentic chloride, etc., Phillips mixed known and 
learly equivalent quantities of silver dissolved in nitric acid, 
y of crystallized argentic nitrate, with ammonium chloride; 
Itered, washed, and precipitated the comparatively minute 
tnount of chlorine in the iiltrate with silver solution. The 
IBion of this smalt quantity could cause no loss of import- 
ice. Phillips confesses that his ammonium chloride was 
id and the only conclusions he draws are that CI ^ 36, 
I = 14, O = 8 and H ^= 1 may bo taken without consider- 
»1e error if silver is 108. [The method seems to have been 
riginal and is nearly that afterwards adopted by Pelouze. 
%& acidity of the ammonium chloride would of course give 
% too high.] (PhU. Trans., 120, 1839, 35.) 

C. Marioijac: 36,001 (0 = 16); 225.007 (0 = 100). 
[■ Determined by pasaittg chlorhj'dric acid gas over hot 
lapric oxide and condensing the water formed. The mean 
|f three experiments was Cl = 450.013 ; the extreme ditfer- 
pce IB 0,2 for ^ 100. The gas was made from recrya- 

''Thuis one of tbe moat elegant iaTeatigutioos of the kind to be found 
Kcheinical literature, though it scarcely revclvca a mention except IVont 
to, wbo Mcorde to it the pritisc it dcsorves. Stua' wonderfully exiiaustiva 
Htfolice were neeoeSHry to prove beyood question that chemistry has a 
^thematical boBia, and that the atoniic weightu of tbe elomenta are incum- 
MBUrMe. Penny's iDvesligation, taken in connection with Staa', ehowl 
iU the liigbest degree of aocurac; is not incompatible with the simplest 
MD* when the}' are applied with the care and acumen, without wuich 
net relulls cunnot, under uny cireumstancce, lie obtained. 
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tallized sea-salt and concentrated salpharic acid and was 
dried by passing through nine tubes filled with sulphuric 
acid and pummice stone and with calcium chloride. The 
water was collected in a condenser to which drying tubes 
were appended. {Paris Comptes RenduSy i^, 1842, 570.) 

A. Laurent : 35.46S (0 = 16) ; 221.672 (O = 100). 

Determined by three analyses of chloronaphthalintetrach- 
loride, which he found to contain 58.22 ; 58.29; 58.28 ; per 
cent. CI. The mean is 58.27 from which the value follows. 
{Paris Comptes BenduSy H^ 1842, 456.) 

According to Maumen6, Laurent confessed that his salt 
was impure, containing chlorose compounds, in Qerhardt's 
Comptes BenduSy 1845, 108. {Annal. de Chimieetde Physique^ 
(3,) 18, 1846, 45.) 

C. Marignac : 35.37 (O =16) ; 221.07 (O = 100). 

One synthesis of argentic chloride showed that 100 silver 
equals 32.74 chlorine. Berzelius had found 82.75, which 
Marignac adopts. Marignac found by six experiments on 
the decomposition of potassic chlorate by heat, that the 
molecular weight of potassic chloride was 932. 14. He tested 
the equivalence of potassic and argentic chlorides by pre- 
cipitating the former with argentic nitrate, filtering with- 
out the use of paper through a funnel with a capillary neck. 
The precipitate was dried and weighed, then melted and 
reweighed, no loss being observable. 100 potassium chlo- 
ride gave 192.33 and 192.34 argentic chloride in two ex- 
periments, or reduced to vacuum, 192.26. Hence the atomic 
weight is 442.13. The potassic chloride was prepared by 
heating chlorate which had been purified by repeated 
recrystallizations. {Liebig^s Annal. , 44j 1842, 23.) 

C. Marignac: 35.456 (0=16); 221.6 (0 = 100). 

In accordance with Pelouze's suggestion, Marignac re- 
peated his determination of the composition of argentic 
chloride and of the equivalence of potassic and argentic 
chlorides, retaining the molecular weight of potassic chlo- 
ride mentioned in the last paragraph. That value was 
obtained from the mean of six experiments on the decom- 
position of the chlorate which gave the percentage of oxygen 
at from 39.155 to 39.167 ; mean 39.161. Pelouze had got, as 
the mean of three experiments, 39.157. (Paris Comptes Rendus, 
15y 1842, 959.) Marignac made eleven experiments on the 
equivalence of silver and potassium chloride by Pelouze's 
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pethod, a known weight of silver beiog diasolved in nitric 
uid and added to a known and nearly equivalent amount 
bf potassic chloride in solution, after which the excess was 
ptrated with decimal standard solution. 100 piirts of silver 
Were precipitated bj from 69.049 to 69.067, in mean by 
T9.062 chloride. 100 parts of chloride were precipitated by 
W>m 192.33 to 192.37, in mean by 192.348 silver. Five 
xperiments were made on the composition of argentic 
ibloride by dissolving silver in nitric acid, with precautions 
^iDst loss by spirting, precipitation with chlorhydric acid, 
Washing, drying, melting and weighing in the same vesaei. 
"100 parte of silver gave from 132.825 to 132.844 chloride, 
mean 132.84, Calculation from these datii gives in vacuo 
Ag = 1349.01 : K = 488.94 ; CI = 443.20 ; for O = 100 [or 
Aj: = 107.921; K = 39.115; 0=35.466, for = 16.] 
(Berzelius' Jahresbencht, S4, 1844, 58 ; BiH. Unic, 4.6, 1843, 
350.) 



C. Gerhardt : 36 {0 =16). 



^F By heating potassic chlorate in a current of oxygen Qer- 
^lUirdt got, wnen he took precautions against loss by spirt- 
ing, a mean of 60.949 chloride, from which he deduces 36 
for chlorine without giving further data. {Paris Comptes 
Jtmdus, SI, 1845, 1280.) ^larignac shows that no data have 
ever been published which, in connection with Gerhardt's 
experiments, would give this value for chlorine. He adds 
further experiments of his own which, without aiming to 
establish more exactly the true atomic weight, prove it less 
than 36 {Lieby's Annal.,59, 1846, 284; Bibl. Univ., Arch. 
4es Sciences, 1, 1846.) 



» 



E. J. Maumenb: S.5463 {0 = 16). 



Manmene made seven analyses of argentic chloride by 
reduction in a current of pure hydrogen. Five of these ex- 
periments wore made with quantities less than 10 grammes, 
and gave a mean of 100 silver = 32.786 CI. Two experi- 
menta were made with about 80 grammes each, and gave 100 
ailTer equal to 32,86 and 32.853 chlorine. Maumeni pre- 
fers the latter, and deduces from them for chlorine the value 
44S.67 or S0.494 taking silver according to his own experi- 
ments at 1350.32. [If silver is taken at 107.93 (Staa) the 
same analyses give 35.462.] {Armal. de Chimie el de Phystque. 
%) 18, 1846, 41.) 
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A. Laurent : 35.5 (0 = 16) ; 221.88 (O = 100). 

A single experiment was made as follows : pure silver 
was weighed off* and placed in a matrass, nitric and chlor- 
hydric acids were added, the liquid was evaporated and 
the chloride melted. An empty test was carried on at the 
same time to act as tare. Silver was taken at 1350. {Paris 
Comptes RenduSy 20^ 1849, 5.) 

J. Dumas : 35.5 (O = 16). 

Determined by chloridizing diflferent weights of pure silver 
by heating the metal in a current of chlorine. Experiments 
on 10 grammes and 20 grammes gave a mean of 35.5055, 
the difference being 0.013, for chlorine, if silver is 108. 
(AnnaL de Chimie et de Physique, (3,) 55, 1859, 185.) 

J. S. Stas: 35.457 (0 = 16). 

Stas found the atomic weight of chlorine by three inde- 
• pendent methods : 

(1.) From analysis of argentic chlorate and synthesis of 
argentic chloride. A known weight of the chlorate was 
dissolved in water, precipitated with sulphuric acid to secure 
advantageous division of the salt, and reduced while in 
suspension by a slow stream of sulphurous anhydride. The 
chloride was washed, dried, and weighed in the flask in which 
it was produced. The minute amount of chloride present 
in the chlorate was collected and taken into consideration, 
and the wash-water was carefully examined for silver. Two 
analyses (of about 140 and 260 grammes) gave for the 
molecular weight of the chloride 143.383 and 143.407, mean 
143.395. A variety of syntheses of argentic chloride in the 
wet and in the dry way showed that 100 parts silver com- 
bined with nearly 32.850 parts chlorine. Stas assumes that 
none of his syntheses can possibly have given too much 
chloride and accepts the relation stated. These data give 
CI = 35.458. 

(2.) From the mutual relations of potassic chlorate and 
chloride and argentic chloride, combined with the composi- 
tion of the last. The chlorate was decomposed either by 
gentle heat or in the wet way with chlorhydric acid. 100 
parts of chlorate were found to contain 60.846 parts chlo- 
ride as the mean of eight experiments ; extreme difference, 
0.012, which gives the molecular weight of potassic chloride 
at 74.59. The relation between potassic and argentic chlo- 
ride was ascertained by Pelouze's method, (see Marignac's 



_aetermination above.) Tweuty experiments on quantities 
of 32 j^paramea, and less, of silver gave 100 part<i Ag = 
69.103 parts KCl ; extreme difference, 0.008. These data 
combined with the uoraposition of argentic: chloride giveu 
above, indicate for chlorine 35.460. 

(3.) The compoeition of argentic nitrate was determined, 

and the difference between the atomic weightfl of nitrogen 

• and chlorine. In two experiments silver was dissolved in 

Kjoitric acid, the solutiou evaporated to dryness, und the 

^|utrate li^t melted until there was no further loss of 

H%eiglit. The result obtained was that 100 silver ^ 157.484 

^^itrate; difference, 0.008. From series of experiments oa 

the relation of the chlorides of potassium, sodium, lithium 

and silver to the nitrates, Stas found the difference between 

a chloride and a nitrate from 26.58(3 to 26.591 ; mean 26.588. 

These data show that the atomic weight of chlorine lies 

between 35.455 and 35.460, and coniirm the mean of all the 

determinations of Penny, Marignac, and Stas, 35.457. The 

silver for this investigation was either distilled or compared 

with distilled silver; it was found impossible to reduce 

the amount of silica in the alkaline salts below 0.002 of one 

■ cent., it was therefore determined and allowed for; 

tery possible method of purilication by recrystallization 

nd otherwise was resorted to to ensure purity. The weigh- 

Bga are all reduced to vacuum. {Slas, Unters. Uber Chem. 

^roporC, Leipzig, 1867.) 



CHROMIUM. 



1 

I 



I The specific heat of chromium, as determined from that 
i the oxide by Kopp, Regnault, and Neumann, corresponds 
9 an atomic heat of from 5.4 to 5.98, if the atomic weight 

B taken at 52.4. {Gmelin-Kraut, I. e.j 

J. J. Berzeuus : 5S.S9 (0 = 16) ; 351.819 (0 = 100). 
100 parts of plumbic nitrate, on precipitation with potas- 
sic chroraate, gave 98.772 parts plumbic chroraate. The 
value follows for Pb = 1294.498, and N = 88.518. {Poggend. 
dnnal., 8, 1826, 22.) 

T. TuoMSON : 64- {0 = 16) ; 400 (0 = 100). 
3.14 grains of metallic chromium, converted into chromic 
acid by heating with potash and nitre, gave a precipitate of 
1S.23 grains plumbic chromate. {Phil. Trans., 117, 1827, 
— ) 
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E. Peligot: 62.48 (0 = 16); 328 (0 = 100). 

Pelieot reached this value by a careful carbon determina- 
tion of chroraous acetate, produced by precipitating a dilute 
solution of chromium protochloride with sodium acetate, 
C = 75. Peligot does not regard the experiment as defini- 
tive, the salt possessing but little stability. {AnnaL de 
Chimie et de Physique, (3,) 12, 1844, 527.) 

K J. Berlin : 52.54 (0 = 16) ; 328.89 (O = 100). 

Five experiments were made on the decomposition of 
argentic chromate with chlorhydric acid and alcohol. The 
silver chloride was washed in the flask in which it was pre- 
cipitated, treated with aqua regia, melted and weighed with- 
out removal. The decanted fluid and the wash-water were 
evaporated to dryness with excess of ammonia, treated with 
water and the chromium oxide filtered off", heated to redness 
and weighed. [Nothing is said of the recovery of any 
argentic chloride that might have been removed by the 
decantation.] The value taken is calculated from the com- 
parison of the amounts of argentic chloride and of chro- 
mium oxide obtained, Ag = 1349.66; 01 = 443.28. The 
extreme difference is 1, for O = 100. The argentic chro- 
mate was prepared by adding nitrate to a solution of potassic 
chromate. {Erdmann's Journ. filr Prak. Chern., 38, 1846, 
145.) 

V. A. Jacqublin : 50.08 (0 = 16) ; 313 (O = 100). 

By washing and purifying violet chromium chloride, 
Jacquelain obtained a substance which he took to be the 
pure chloride and which was more soluble than the un- 
purified salt. He analysed it by melting with soda, and 
arrived at the above number. [Liebig's Annal., 64^ 1847, 
275 ; Beviie Scknt., I4, 198.) 

A. Moberg: 53.563 (O = 16); 334.769 (0 = 100). 

Moberg made twelve experiments on the decomposition 
of chromium salts by heat. In two cases the sulphate 
dried at a low red heat was decomposed by strong ignition 
in a platinum crucible ; the results being, 335.65 and 335.29 
for chromium. Ten experiments were made on the decom- 
position of ammonium-chromium-alum which had been 
dried in a pulverized state for a long time. These deter- 
minations gave from 333.965 to 335.739. The value taken 
is the mean. The alum employed was prepared from pure 
material, and was repeatedly recrystallized. S = 200 ; N = 
87.5. {Erdmann's Joum. filr Prak. Chem., 43, 1848, 115.) 
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J. Lbport: 5^.97 (0 = 16). 

Determiaed by fourteen experimeuts on the precipitation 

|barium with sulpburic acid from a nitric acid solution of 

i rium cbromate. The barium chromate waa prepared by 

precipitating potassium chromate with barium nitrate and 

drying tbe precipitate at 250°. [If these analyses are eal- 

t/ulated for barium ^ 137 and S = 32, they give 100 barium 

chromate = 60.244 barium oxide, extreme diflerenee, 0.26, 

and the atomic weight as above, Letbrt seems to have 

taken Ba = 136.72. Berlin points out the correction which 

I have verified.] {Srditiann'a Joarn, fur Prak. Chem., 51^ 

1850, 261 ; Jaurn. tie Pharm. et de Ckim., 18, 27.) 

R. WtLDBsaTBiN : 5S.4S5 (O = 16). 

Determined by thirty-two experiments on the precipitation 

of barium chloride, desiccated at a red heat, by pure, neutral 

Eotassic chromate. The mean of these analyses gave 100 
arium chromate ^ 81,70 barium chloride; extreme dift'er- 
euee 0.33. Wildenstein calculates 334,48 without giving 
the assumption for chlorine. [If CI = 35.457 ; Ba = 137, 
the value follows.] {Erdmann's Joum.fUr Prak. Chem., $9f 
1853, 28.} 

F. Kessler: 52.3(0 = 16). 

Kessler reached this value by comparing the oxidizing 
action of potassic chromate with that of potassic chlorate on 
arsenioUB acid. Six experiments were made on tbe oxidiz- 
ing power of the chromate and twelve on that of the chlorate 
by a method of titration. By combining the maximum of 
one with the minimum of the other aeries, Kessler finds the 
atomic weight of chromium between 25.93 and 26.40; in 
mean 26.15, K being = 39.12 and 01 = 35.46. Confirma- 
tory expL-rimenta were made on the oxidation of ferrous 
chloride in the same way. These gave a mean of 26.1, 
I {Poggend. Anmd., 113, 1861, 137; 95, 1855, 208.) 

I M. SiEWART : 52.094 (0 = 16). 

r Determined from the amount of chlorine in sublimed 
violet chromium chloride. Siewart criticises Kesaler'a de- 
termination and deduces from the latter's dala a value 25.02. 
(Kopp's Jahresbericht, U, 1861, 240; Halle, Zeilschr. fur die 
Gemmmt. Naturwis., 17, 530,) 

Kessler points out that the number 25.02 is a misprint in 
the Jahreaberichl, and that Siewart's paper ascribes to bim 

1 Ihe value 26.02. {Poggend. Ann., 117, 1862, 352.) 
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COBALT. 

The atomic heat of cobalt as determined by Regnanlt is 
6.27 if the atomic weight is assumed at 58.8. {GmeUn- 
Kraut y L c.) 

E. Rothoff: 55.55(0 = 16); 868.65(0 = 100). 

269.2 parts of cobalt oxide converted into neutral cobalt- 
ous chloride and precipitated with argentic nitrate gave 
1029.9 argentic chloride, according to Berzelius' report 
{Poggend. Annal.^ 5, 1826, 185.) Berzelius recalculates this 
analysis for CI = 221.64 and Ag = 1349.66, and gets the 
value taken. {Berzelius^ Lehrbuck^ 5, 1220.) 

R. Schneider: 60.006 (0 = 16); 875.04 (0 = 100). 

Determined from four analyses of the oxalate. The car- 
bon was determined as in organic analysis ; the metal by 
heating a known weight of the salt first in a current of air, 
then in oneof oxygen, and by reduction of the oxide in hydro- 
gen. The mean of the four analyses gave cobalt at 80.003, 
with an extreme difference of 0.026 for C =: 6. The 
oxalate was prepared by converting the chemically pure 
cobalt of commerce into roseo-cobaltic chloride, from which 
the metal was again reduced, then dissolved in chlorhydric 
acid and carbonate precipitated, which was digested with 
oxalic acid. {Poggend. Annul. ^ 101^ 1857, 898.) 

Marignac objects to this determination that the oxalate, 
being insoluble, may very likely have retained portions of 
the carbonate which could not be removed by washing. 
{Bibl. Univ. J Arch, des Sciences, (2,) 1, 1858, 372.) 

Schneider answers that he obtained nearly identical results 
from lots prepared at different times, and that he believes 
that he has convinced himself that the oxalate contained no 
carbonate. {Poggend. Annul., 107, 1859, 610.) 

Gibbs, reporting Schneider's determination, remarks: 
*' Very numerous and carefully made analyses of the ammo- 
nium-cobalt bases, executed in my laboratory, indicate 29.5 
as the true equivalent of cobalt." {Sillimun^s Amer. Journ,, 
<2,) ^6y 1858, 438.) 

C. Marignac : about 59 (0 = 16). 

Five experiments were made on the decomposition of 
cobalt sulphate by heat. This salt can be readily dried 
without decomposition, and the acid is completely driven 
off by heat, but the resulting protoxide contains a slight 
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access of oxygen. In order to remove this excess it was 

melted under a known weight of an acid silicate of lead. 
The resuItB for cobalt varied from 29.32 to 29.38. The sul- 
phate was purified by recrystallization. Marignac also ex- 
perimented on the chloride. The weight of this salt varies 
greatly with the moisture of-the atmosphere when crystal- 
lized, and attempts to desiccate it usually result in the 
formation of some insoluble compound. Three analyses of 
chloride appearing to contain one molecule of water, and 
dried at 100°, performed by titration with silver solution, 
gave cobalt at 29.42 to 29.51. Five experiments were made 
in the same way on chloride either melted in acurrentof 
chlorine or of chlorhydric acid gas, or calcined with ammo- 
nium chloride. These determinations gave from 29.36 to 
"p.42. (-BtW. Univ., Arch, des Sciences, (2,) 1, 1858, 374.) 
"irignac, in another investigation in the same volume, 
BAg = 108; 01=35.5.] 

J. DcMAs; 59 (0 = 16). 
Determined by five experiments on the titration of cobalt 
Uoride with silver. The mean result for cobalt was 29.542 ; 
_.rtreme difference 0.09; Ag=108; CI = 35.5. The chlo- 
ride was prepared by dissolving pure cobalt in aqua regia, 
evaporating in the presence of excess of chlorhydric acid 
and heating to redness in a current of chlorhydric acid gas. 
In two of the determinations cobalt from a different lot, 
which had been heated in a vacuum was employed. [Armal, 
dt Chimie el de Physique, (3,) 55, 1859, 148.) 



W. J. Russell : 68.74 (0 = 16). 



t Determined by fifteen experiments on the redaction of 
bait oxide in hydrogen. The value is the mean ; the ex- 
treme difference is 0.19. To obtain pure cobalt oxide 
Ciaudet's salt was prepared, purified by recrystallization, 
., reduced in hydrogen, the metal dissolved in nitric acid 
1 the resulting salt decomposed by heating in a stream 
[carbon di-oxide, [Chem. Soc. Joiirn., (2,) 1, 1863, 57.) 
Kihneider considers that no sufficient precautious were 
1 to exclude air in these experiments, and that higher 
js were formed. {Poggend. Amml, 130, 1867, 310.) 

E, VOtf SOMMAEttGA : 60 (0 = 16). 

Determined by seven experiments on the reduction of 
rpureocobaltlc chloride in a current of hydrogen. The 
Ian of the experiments is 29.965; four of them give a 
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mean 29.996. The extreme difference is 0.093. The salt 
was prepared by solution of the carbonate in chlorhydric 
acid, addition of ammonia in excess, exposure to the air^ 
washing of the precipitate with acidulated, then with pure 
water and drying at 110°. A special examination showed 
it free from other metals. Sommaruga took 01 = 35.5; 
N = 14. {Erdmann's Joum.fUr Prak. Chem.,100, 1867, 113 ; 
Sitz.'Bericht der k. k. Akad,, 1866.) 

C. Winkler : 59 (0 = 16). 

This value is derived from the mean of five experiments 
on the precipitation of gold from a solution of neutral 
crystallized chloride of gold and sodium. The metallic 
cobalt employed was prepared by the reduction of purpureo- 
cobaltic chloride. The latter was made from oxide, and was 

?urified by recrystallization. Gold was assumed at 196* 
'he mean of the results was 29.496; extreme difference, 
0.071. (Fresenius' Zeitschr.fur Anal. Chem., 6, 1867, 22.) 

P. Welesky: 58.98 (0 = 16). 

Determined from the analysis of cobalti-cyanides, per- 
formed by drying the salt at 100°, and heating to redness, 
first in a current of oxygen then of hydrogen. Four experi- 
ments with phenylammonium-cobalti-cyanide gave cobalt at 
from 29.38 to 29.59. Two experiments with ammonium- 
cobalti-cyanide gave from 29.46 to 29.55. Mean, 29.48; 
extreme difference, 0.21. A single experiment by Winkler's 
method gave 29.42. {Berlin^ Bericht der Chem. Ges,, jp, 1869, 
592.) 

W. J. RussEL : 58.76 (0 = 16). 

Determined by the amount of hydrogen set free by the 
solution of cobalt in hydrochloric acid. The value is the 
mean of 2 (or 4 ?) trials. The cobalt employed was that 
reduced by Russel in his former experiments on the same 
atomic weight. {Chem. News^ ^0, 1869, 20.) 

R. H. Lee : 59.10 (0 = 16). 

Determined by analysis of cobalti-cyanide salts. They 
were decomposed in a crucible by heating from above. The 
carbon separated was burned oft" in air and then in oxygen, 
and the metallic oxide reduced in hydrogen. Six experi- 
ments on the strychnine salt gave a mean of 59.05. Six 
experiments pn the brucine salt gave 59.15. Six experi- 



^lents, mode with especial care, ou the reduction of piir- 
Ureo-cobaltic chloride by hydrogen gave 59.09. (Reported 
f Qibbs. Serlin, Berick der Chem. Ges., 4, 1871, 789.) 



' Begnault, Kopp, and others have determined the speeiBc 
Jteat of copper. It corresponds to an atomic heat of about 
Kf the atomic weight is taken at 63.3. [Gftielin-Kraul, I. c.) 

K. Chenevix: F. H. Wollaston: 6^(0 = 16); 400 
(0 = 100.) 
Chenevix found 2 p arts of oxygen equivalent to 100 parts 
of copper, whence Wollaaton deduces the atomic weight. 
{Phil. Trans., 104, 1814, 21.) 

^J. J. Berzelids: 63.29G{0 = \Q); 395.6 (0 = 100), 
Determined by two experiments on the reduction of cuprie 
ide with hydrogen, which gave 395.695 and 395.507. The 
water was not weighed. {Poggend. Annal., 8, 1826, 182 ; and 
Lehrbuck, S, 1216.) 



Erdmasn and Marohand : 63.456 {0 = 
{O = 100.) 



16); 



P Determined by four experiments on the reduction of 
Bge quauttties of cuprie oxide in a current of hydrogen. 
Jie hydrogen was displaced by air after the completion of 
he reduction. The weight of the oxide and of the copper 
*ere reduced to vacuum, but not that of the weights em- 
ployed. To obtain pure cuprie oxide, pure vitrol was pre- 
pared and electrolytically decomposed. The copper thus 
obtained was dissolved in nitric acid, and the nitrate decom- 
posed by heat. The value is the mean; the extreme differ- 
ence is 0.036 for O = 8, or 0.112 for = 16. (Erdm. Joum. 
fUr Prak. Chem., 31, 1844, 389.) 

Berzelius points out that these analyses vary among them- 
selves much more than his own. He makes the diiference 
somewhat greater than it really is by neglecting the reduc- 
tion to vacuum. {Jbid., 37, 1846, 72.) 

Ilampe shows that these analyses, correctly calculated, 
give Cu = 63.46. (Zeitsckr. fur Berg Huiten-und-Sal-Wesen 
im Preus. St., 31, 1873, 261.) 
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J.Dumas: 63.5 (0 = 16). 

Dumas says that experiments on the reduction of capric 
oxide and on the sulphidation of copper have shown him 
that the atomic weight of copper lies between 31.5 and 32, 
near 31.75, but that his experiments cannot be regarded as 
decisive. {Annal. de Chimie et de Physique^ (3,) 55, 1859, 129.) 

MiLLON and Commaillb: 63.128 (0 = 16); 394.55 
(0 = 100). 

These (three) experiments were in most respects a repeti- 
tion of Erdmann and Marchand's. The value is the mean; 
the extreme difference is 0.49 for O = 100, or 0.0784 for 
= 16. The sulphate was prepared free from iron or zinc 
by dissolving copper in ammoniacal sulphate or nitrate. 
The oxide was obtained by heating the nitrate. (Paris 
Comptes Bendus, 66, 1863, 1249; and 57, 1863, 145.) 
Fresenius sees no reason for preferring this to Erdmann 

and Marchand's value. {Fresenius' Zeitschr.fUr Anal. Chem.y 

e, 1863, 474.) 

W. Hampe : 63.3296 (0 = 16). 

In three experiments cupric oxide was reduced in a cur- 
rent of hydrogen with all possible precautions. The hydro- 
gen was displaced by air before weighing, though it was 
shown by experiment that porous copper does not condense 
hydrogen. The metal was heated till incipient melting was 
observed. The reduction and melting were repeated with- 
out altering the weight. Hampe attempted to control his 
results by reconverting the metal into oxide, but was unable 
to effect complete oxidation. The water produced by the 
reduction was found to be perfectly pure. The mean result 
was Cu = 31.6696, maximum, 31.6729, minimum, 31.6648. 
The oxide was prepared from metallic copper. To obtain 
pure metallic copper, sulphate free from bismuth was elec- 
trolytically decomposed, the finely divided metal well washed, 
then melted, first in a current of carbon di-oxide, afterwards 
in hydrogen, and then again in carbon di-oxide. From the 
metal, basic nitrate was formed and from this salt, by heat- 
ing first in air and then in oxygen, oxide. In two experi- 
ments the atomic weight of copper was determined by 
decomposing cupric sulphate by electrolysis, and weighing 
the metal. The residual fluid was evaporated, and a minute 
amount of copper, which had escaped decomposition, was 
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jcovered and determined as sulphide. For S ^ 16.037 and 
■ = 8, these experiments gave Cu = 31.6577 aud 31.66. 
he value taken is the mean of the two series. All weigh- 
iga were reduced to vacuum. {Zeirschr. fUr Berg Mullen- 
id SuL- Wesen im Preas. Si., 31, 1873, 260.) 



W. F. Hiltebrand tbund the specific heat of tins metal 
045G3, which corresponda to an atomic heat of 6.60 for 
n atomic weight of 144.78. {Poggend. Amal, 158, 1876, 78.) 

C. Marignao: U8.8 (0 = 16); 930 (0 = 100). 

Betermiued by decomposing diaulphate with barium chlo- 
de. AsBumiug the lower oxide as a prot-oxide, he ealcu- 
ited the atomic weight at 6'20. As Marignac was not 
SDlideQt of the purity of his salt, and aubsequeutly became 
ertain that the method was untrustworthy, detaiJa are 
pneceasary. (Liebig's AnnaL, 71, 1849, 313.) 

C. MariosaC: 11^,81 (0 = 16); 898.8 (0 = 100). 

Five experiments were made on the sulphate by decom- 
Dsition with ammonium oxalate. The didymiura oxalate 
us heated to iiedness, and the resulting oxide weighed. 
In the assumption that the o.xide was protoxide, these 
eterminations gave a mean of 598.2 for Di, with an ex- 
•eme difterence of 2.5. Three experiments were made on 
le chloride, the insoluble oxyebloride, which is unavoida- 
le in drying the salt, being separated. Tbe chlorine was 
etermined with silver, and tne Di as in the previous experi- 
lenta. These determinations gave Di at 600.2, with an 
streme difference of 5.2 for CI = 443.2 and S = 200. The 
llts were prepared from cerite. The cerium wua extracted 
T treatment at first with dilute and afterwards with con- 
entrated nitric acid. The siilphatea of Di and La were 
^■eparated by partial precipitation with oxalic acid and by 
pertial recryatallization. {Anna!, de Ckinae et de Phus., (3,) 
S8, 1853, 148.) 

R. Hermans : I43.U (0 = 16) ; S90.e5 (0 = 100). 
In one experiment sulphate which had been heated to a 
low red heat, was dissolved, decomposed with ammonium 
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oxalate, the precipitate incinerated and the oxide weighed. 
The result was Di = 594.46, on the prot-oxide hypothesis, 
for S = 200. In one experiment the chloride was decom- 
posed with argentic nitrate, oxychloride being filtered off 
and allowed for, and the argentic chloride weighed. This 
experiment gave Di = 592.54 for CI = 448.2. For the prep- 
aration of the salt see Lanthanium. (Erdmann's Joum.fur 
Prak. Chem., 82, 1861, 387.) 

H. ZscHiESCHE : About 144 (O = 16). 

In five experiments the sulphate was exposed to a white 
heat until the weight became constant and the oxide on 
being tested showed no traces of sulphur. The results 
varied from Di = 46.585 to 48.08, probably, Zschiesche 
thinks, on account of the presence of La. S =16. Di was 
separated from La by the partial precipitation of the nitrates 
with oxalic acid, the first portion falling being redissolved, 
and the partial precipitation repeated twenty times. [Erd- 
mann's Joum.fur Prak. Chem., 107, 1869, 74. 

C. Erk : 142.695 (O = 16). 

The sulphate was decomposed' with ammonium oxalate, 
the oxalate incinerated and the oxide weighed. The sul- 
phuric acid was also precipitated as barium salt, and 
weighed. Three experiments gave a mean of Di = 95.13, 
on the prot-oxide hypothesis, with an extreme diflference of 
0.78. The Di salt was found to contain yttrium which was 
removed by repeated fractional precipitation with sodium 
sulphate. This re-agent precipitates a double salt of Di and 
sodium. The purification was continued until the atomic 
weight became constant. {Kopp' s Jakresberichty 1870, 319, 
Jena'sche Zeitschr.fur Med. und Nat, 6, 299.) 

Casselmann thinks that the salt may still have retained 
yttrium, and Fresenius objects to the barium sulphate 
determination on the well-known grounds. {Fresenius* 
Zeitschr, 10, 510.) 

D. Mendelejeff : 138 (O = 16). 

From the analogy between Di and cerium and other 
elements, and from the fact that it forms two oxides, Men- 
delejeff believes that its lower oxide is a sesqui-oxide, and 
its atomic weight 138. Mendelejeff points out that an 
error is to be apprehended in the received values from the 
fact that we have no guarantee of the pureness of Di salts 
except recrystallization. {Liebig^s Annal. Suppl. 8, 1871, 
190.) 



r 
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P. T. Clkve : 147.01 (0 = 16). 
I Determinedbytheconversionof didymium oxide into sul- 

liate. The number is the mean of six experiments ; ex- 
treme difterence 0.58. The Di was separated from lantha- 
liuin by repeated precipitations of basic nitrate from nitric 
leid solution, conversion into formate and decomposition of 
Ibis salt by heat. (Kopp's Jakresberkht, 1874, 259. Bulle- 

t Soc. Chmique, (2,) SI, 246.) 

W. F. HiLLKBRAMD : 144.78 (0 = 16). 

Determined by one experiment on the converaion of 

metallic Di into nitrate, and then, by heat, into oxide. The 

impurities were determined. The metal was reduced eleo- 

tpolytically from the chloride. {Poggerid. Annal,, 158, 1876, 



ERBIUM. 



The physical and chemical analogies of the salts of this 
eletuent have led Mendelejeff (iiefti^'s^nna?., A'u/spi. 8, 1871, 
195,) and P. T. Cleve {Kopp's Jahresbtrkht, 1874, 260; Bul- 
letin iioc. Chimi/jue, 12,) SI, 344,) tn regard it as triatomic, 

id its atomic weignt as about 170. 

M. Delafontaine : IIS.OJ^ (0 = 16). 

I M. Delafontaine investigated gadolinite by Moeander'a 

letbod, and obtained besiaeajttriurajtwo substances which 

■egarded as erbium and terbium. From the sulphates, 

1 which he supposed the metals to exist as protoxides, he 

ntermined erbium at 496 and terbium at 471 for ^ 100. 

wpp {Liebig'a Annalen, 131, 189,) and Bunsen and Bahr 

V>id, 137, 1,) have shown that Mosander's method gives 

"nly mixtures, Delafontaine's terbium is thought to nave 

been chiefly the erbium of other chemists. (Liebig's Annul., 

1S4, 1865, 108.) 

Bahb and Bunsen : 168.9 (0 = 16). 

!• A known weight of erbium oxide was treated with a very • 

bghtly exeessivu quantity of sulphuric acid; the solution 

iiporated iind the excess of acid driven off at as low a 

mperature as possible. The increase of weight indicates 

Z.6 for 8 ^ 32. The oxide was prepared trora j^doli- 
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nite. The mineral was decomposed with chlorhydric acid, 
and the earths precipitated with oxalic acid. The oxalates 
were converted into nitrates, the cerium metals separated 
with potassic sulphate, and calcium and magnesium with 
ammonia. If the nitrates of yttrium and erbium are dis- 
solved in boiling water, basic erbium nitrate with some 
yttrium crystallizes out, leaving yttrium nitrate with some 
erbium in solution. The process of partial crystallization 
was continued as long as the atomic weight of the erbium 
salt continued increasing. Bahr and Bunsen believe, how- 
ever, that the atomic weight may be some hundredths higher. 
The salt was spectroscopically free from didymium. {Liebig*s 
AnnaL, 137, 1866, 2.) 

P. T. Cleve and O. M. Hoeglund : 170.65 (O = 16). 

Determined from four syntheses of the sulphate, giving 
113.7 on the diatomic hypothesis. The oxide was purified 
by heating the nitrates, etc., according to Berlin. (Blom- 
strand in BerlinyBer, der Chem. Ges., 1873, 1467; Bull. Soc. 
Chimique, 1873, 193 and 289.) 



FLUORINE. 



Dumas and Peligot and others have determined the vapor- 
density of a number of fluorine compounds. They corres- 
pond to an atomic weight of about 19. (i. Meyer, L c.) 

H. Davy : 18.86 (0 = 16). 

Determined by the conversion of Derbyshire spar into sul- 
phate. 100 parts of spar gave a maximum of 176.2 parts 
calcic sulphate. [If S =: 32 ; Ca = 40 ; the value follows.] 
{Phil. Trans., lOi, 1814,64.) 

J. J. Berzelius : 18.85 (0 = 16). 

Determined by conversion of calcic fluoride into sulphate. 
100 parts fluoride gave, in mean of three experiments, 175 
parts sulphate; extreme diflference, 0.2. [If 8== 82; Ca 
= 40; the value follows.] [Poggend. AnnaL, 8, 1826, 18> 
and Lehrhuchy 3, 1196.) 
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P. LouYET : 19 (0 = 16). 

Deteraiinet] by six experimeats on the conversion of fluor- 
8por into calcic sulphate. The mean result was 100 parts 
spar equal 174.36 sulphate, with an extreme difference of 
0.3, Cipur from Derbyshire was pulverized, digested with 
chlorhydric acid, and the foreign matter removed by lutra- 
tion in water. It was completely dissolved in sulphuric acid, 
ceaa of which was driven off by heat continued 
Bini a constant weig:ht was obtained. 8 = 200; Ca^250. 
irdmann's Jouni. fur Prak. Chem., 47, 1849, 104 ; Ajmal, de 
piim. el de Phys., (8,) S5, 1849, 291.) 

E. Feemy. 

I This chemist says that hia analyses essentially confirm 
Wrzelius' determination. {Annul, de Chmie et de Ph>/s.,{S,) 
',1856,27.) 



J. Dumas: 19 (0 = 16). 

' Determined by the conversion of fluorideeinto sulphates, 
jle experiment on the conversion of calcic fluoride 
"gave 18,96 ; two experiments on sodie fluoride, 19.06 ; and 
two on potasaic fluoride, 18.99. The mean is 19.01; ex- 
treme difference, 0.12. Ca = 20 ; Na = 23 ; K = 39 ; S = 
EThe alkaline salts were well crystallized and were fused 
>re use. (Annat. de Chim. el de Pbys., (3,) 65, 170.} 
>e 
e 
e 



S. DE Lucca ; 18.96 (0 = 16). 



I Determined by four experiments on the conversion of a 
jttre flpar from (rerfalco into sulphate. The extreme diftt;r- 
Bence was 0.15. The (lecoraposition was very difficult. The 
loss on ignition and tlie residne left on evaporation of the 
acid employed were taken into consideration. [8 apparently 
= 16; Ca = 20.] {Paris Comples Remius,61, 1860, 299.) 



Berthelot has determined the specific heat of gallium at 
B.079 corresponding to an atomic heat of 5.52, if the atomic 
weight ifl 69.9. {Paris Comples Bejid., 86, 1878, 786.) 
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L. DB BOISBAUDRAN : 69.9 (O = 16). 

This chemist " has prepared several chlorides, [samples 
of chloride?] several bromides, and several anhydrous iodides 
of gallium. He has determined the atomic veeight of gal- 
lium, and found it 69.9, (mean of two experiments.) " {Paris 
Comptes Bend., 86, 1878, 756.) 



GOLD. 

Dulong and Petit and Regnault have determined the 
specific heat of gold. It corresponds to an atomic weight of 
about 200. {GmeliU' Kraut, I. c.) 

J. J. Berzelius : 1964 (0 = 16). 

Determined by the amount of mercury necessary to pre- 
cipitate a known weight of gold from solution of chloride. 
142.9 mercury were found equivalent to 98.55 gold. [If 
Hg = 200, this gives Au = 196.397.] {Poggend. AnnaL, 8, 
1826, 178.) 

T. Thomson : 200 (0 = 16). 

This value is derived from a somewhat inaccurate experi- 
ment on the reduction of auric chloride by ferrous sulphate. 
{Edinb. Trans. Hoy. Soc, 11, 1831, 26.) 

J. J. Berzelius : 196.73 (O = 16). 

Determined by five experiments on the relative amount 
of gold and of potassic chloride in the residue obtained by 
heating the double chloride of the two metals in an atmos- 
phere of hydrogen. [Calculated for KCl = 74.594, (Stas,) 
these experiments give a maximum of 196.79, minimum of 
196.63 and a mean of 196.727. The atomic weight derived 
from the first experiment is misprinted in the Lehrbuch, as 
is the mean in the Jahresbericht.] {Berzelius* Jahresbericht, 
^6, 1846, 41 ; and Lehrbuch, 3, 1845, 1212.) 

A. Levol : 196.^6 (0 = 16). 

A known weight of ^old was converted into chloride, and 
this salt decomposed in boiling solution by a current of 
pure, washed sulphurous acid. The sulphuric acid formed 
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_,,._9 precipitated as barium salt, and the atomic weight cal- 
culated by comparison of the gold employed and the tiarium 
sulphate obtained. 1000 gold gave 1782 sulphate. [If the 
atoDiic weight of B = 32.0742, and that of Ba = 137.08, the 
above value follows.] {Annal. de Chimie et de Phi/s., (3,) SO, 

"T850, 355.) 



HYDROGEN. 

I The density of hydrogen as determined by a great num- 
»r of investigators, especially Regnault, is about ^ of that 
|f oxygen. If oxygen is 16, the atomic weight of hydrogen 
^ consequently about 1. 

The atomic weights of the elements are compared either 

with that of oxygen or with that of hydrogen. The main 

advantage of aasuming hydrogen as unity is the simplicity 

of the approximate values expressed iu terms of the atomic 

weight of this element. The hypothesis of Front baa also 

had much influence in giving currency to this unit. The 

advantages of oxygen as a Btan<ilard of comparison consist 

^jn the tact that it combines with all the elements, except 

^Buorine, and in the superior accuracy of the determination 

^HC ita specific gravity. The percentage variation between 

^^egnault's determinations of the specific gravity of hydrogen 

was thirty-six times as great as occurred in his experimenta 

on oxygen. Unnecessary complication in the approximate 

values of the atomic weights is as well avoided by assuming 

oxygen at 16 as by taking hydrogen at 1. 

■ These reasons for the adoption of the atomic weight of 

jvygeu as a standard of comparison appear to me conclu- 

■ve, and accordingly all values in this paper have been re- 

iced to = 16. 

F. H. Wollabton: 1.06 (0 = 16); 6.64(0 = 100). 
[ Gay-Lussae and Humboldt having shown that two vol- 
imes of hydrogen and one of oxygen form water, and Biot 
jnd Arago having determined the specific gravity of these 
"tees, W ollaston calculated the above atomic weight. {Phil. 
'■ans., 104, 1814, 20.) 

Berzelius and DtfLONG : 0.9984 (0 = 16) ; 6.24 (O 
= 100). 
Determined by three experiments in the reduction of 
onpric oxide by hydrogen. The hydrogen was made from 
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pure materials, and passed through a solution of litharge 
in potash, and over a coarse powder of caustic potash 
before use. The resultant water was caught in calcic chlo- 
ride and weighed. The determination was also confirmed 
by experiments on the specific gravity of oxygen and 
hydrogen. The minimum result for hydrogen was 0.9934, 
the maximum 1.0086. {Thomson^s Annals of Phil.y Sy 1821, 
48.) 

T. Thomson : i (O = 16) ; 6.25 (O =100). 

Thomson found the Sp. Gr. of H = 0.0694. Taking that 
of O as 1.1111 on theoretical grounds (the supposed com- 
pound nature of air, etc.,) he calculates the above value. 
{Erdmann's Joum. filr Prak. Chem,, <S, 1836, 374 ; Records 
of Gen. ScL, JR. D. Thomson, 1836, 179.) 

J. Dumas : 1.0012 (O = 16) ; 6.2575 (O = 100). 

Determined by nineteen experiments on the reduction of 
cupric oxide with pure hydrogen. The gas was made from 
pure materials and was passed through solutions of plumbic 
nitrate and argentic sulphate, and over potash, and dried 
with cold sulphuric acid or with phosphoric acid. The 
weighings of the oxide and of the reduced copper were 
made in vacuo. [T>umas corrected the results obtained for 
the air contained in the sulphuric acid, but does not ex- 
plain how he estimated it, while certain other possible cor- 
rections are not mentioned.] The mean of the corrected 
results is 12.515. The extreme difterence is 0.09 for O = 
100. Without the correction for absorbed air the mean is 
12.533, [or 1.00264]; maximum 12.583; minimum 12.481. 
{Paris Comptes Rend., U, 1842, 537.) 

Erdmann and Marchand: 1.0016 (0 = 16); 6.26 
(O = 100). 

Determined by eight experiments on the reduction of 
cupric oxide with hydrogen, the number is the mean of the 
results. In four of the experiments the correction for 
vacuum was calculated. These gave H = 12.548 ; extreme 
difference, 0.067. In four experiments the weighings were 
made in vacuo. These gave a mean of 12.492, with an ex- 
treme difference of 0.015. The oxide employed was either 
copper scale or was produced from cupric nitrate. The 
hydrogen was made from pure zinc and sulphuric acid, and 
was purified with potash in solution and in lumps, mercuric 
chloride, sulphuric acid, and chloride of calcium. In the 
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Bist five experiineiits tiie gaa was also passed over red-hot 
lopper to remove traces of oxygen.) {Erdmann's Joiirn. 
"■ Prak. Ckern., i'6, 1842, 461.) 

J. S. Stas : 1.0025 (0 = 16). 

From all tbe investigations that have been made on the 

lecific gravity of the gases, the composition of water, etc., 

Itaa is indineu to beheve that the atomic weight of lij-drogcn 

cannot be less than above. Stas found that 100 silvur were 

eqnivulcnt to 49.5973 ammonium chloride. [If N = 14.044, 

and Ci= 35.457, this relation wouid give 11=1.0074.] 

'las, Untersuch. iiber. Chem. Prop., Leipzig, 1867.} 



J. Thohsek: l.OOSio (0 = 16). 
Thomsen made three experiments on tbe oxidation of a 
known volume of hydrogen by cupric oxide, and five ex- 
periments on tbe combustion of a known volume of hydro- 
gen in oxygen, which proved that 2 litres of hydrogen gave 
1.C082 grammes of water under normal conditions, and at 
latitude 45°. According to Regnault, 1 litre of oxj'gen and 
2 litres of hydrogen would weigh 1.6084 gramme's. Hence 
1 volume oxygen and 2 volumes hydrogen form water ; and 
if U = 1, O = 15.96, [or if = 16, II = 1.0025.] {Berlin, 
Ber. der Chem. Ges., S, 1870, 928.) 

[BtinBeu found the specific heat of In 0.565 and 0.574, 
hich correspond to an atomic weight of about 114. {Pog- 
nd. AnmL, Ul, 28.) 
^, 
his 
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F. Keich and T. Richter : 111.39 (0 = 16). 



In one experiment pure indium was dissolved in nitric 
cid, the oxide precipitated with ammonia and weighed. 
This experiment gave In = 463.4 for O = 100, and on the 
BuppositioQ that the metal was di-atomic. In a second ex- 
periment indium sulphide was dissolved in nitric acid, and 
isulting sulphuric acid precipitated with barium chlo- 
IJde. This gave In ^464.9. Thenumbertaken is tbe mean. 
= 200. The metal was prepared from the oxide. After 
le removal of lead, etc., with hydrogen sulphide, the oxides 
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of iron and indium were precipitated with ammonia, the 
precipitate dissolved in acetic acid and impure indium sul- 
phide reprecipitated. This operation was repeated, and the 
last traces of iron were removed by partial precipitation 
with ammonia. {Erdmann's Journ. fur Prak. Chem,, 5^, 
1864, 484.) 

C. Winkler : 107.764, (O = 16). 

Determined by decomposing the nitrate by heat, and 
weighing the resulting oxide. The mean result of three 
experiments was In = 35.918 for = 8, and assuming 
the univalence of the metal. Extreme difterence, 0.079. 
Metallic indium was prepared by solution of the impure 
sulphide in chlorhydric acid, precipitation of indium by 
barium carbonate, solution in sulphuric acid, and precipita- 
tion by ammonia of the oxide which was reduced by 
hydrogen. [This indium seems to have contained iron.] 
{JErdmanrCs joum./iir Prak. Gheni., 9^^ 1865, 1.) 

C. Winkler : 11S.4S9 (O = 16). 

In two experiments the double chloride of gold and so- 
dium was decomposed by pure indium, giving 37.73 and 
37.80 for = 8, and assuming univalence for the metal. 
In two experiments the nitrate was decomposed by heat, 
giving In = 37.846 and 37.879. In one experiment the 
oxide was precipitated from nitric acid solution by ammonia. 
This experiment gave In = 37.811. The number taken is 
the mean. The impure indium sulphide was purified as in 
Winkler's former determination with barium carbonate, but 
this process requires to be repeated several time?. The re- 
duction of the oxide was performed with sodium, the excess 
of which was removed from the regulus by cupellation in 
Boda. {ErdmanrCs Journ. fur Prak. Chem.^ 10^^ 1867, 282.) 

E. BuNSEN : 113.76 (0 = 16). 

Determined by converting metallic indium into oxide by 
means of nitric acid and heat. He seems to regard the ex- 
periment only as confirmatory of Winkler's. The metal 
was the same which served for the determination of the 
specific heat, and was carefully tested for all impurities. 
(Poggend. AnnaLy I4I, 1870, 28.) 



Dumas determined the specific gravity of iodine vapor. 
It answers to an atomic weight of about 127. {Aiinal. de 
Chim. et de Phys., 33, 1826, 337.) 

L. J. Gay-Lussac: JS3.9 (0 = 16). 
100 parts of iodine were found equivalent to 26.225 parts 
of zinc. [If Zn =: 65, these figures give the atomic weight 
at 123.9.] (Poqgend. Amial, I4., 1828, 559 ; Annal de 
Chimie, SI, 1811, 5.) 

W. Prodt: 136 (0 = 16). 
Prout found 100 parts of iodine equivalent to 26.8 parte 
of zinc. [If Zn = 65, this gives I = 125.97.] {Thomson's 
Annals of Phil., 6, 1815, S2S.) 

tT. Thomson: JS4 (0 = 16); 775 (0 = 100). 
Thomson found 20.5 potaasic iodide = 19.76 zinc iodide, 
^ 20.75 plumbic nitrate. [If K = 39.1, and plumbic nitrate 
= 331, the relation given leads to an atomic weight of 124.41-3 
Thomson thinks that his iodine may have been somewhat 
impure, as be purified it only by sublimation, {Thomson's 
'^"wtem 0/ CAem., 7th ed., I, 1831, 81.) 



mm 



J. Dumas : im.l3 (0 = 16). 
Dumas determined the density of iodine vapor at 8.716 
for air = 1. [Referred to the molecular weight of oxygen, 
this density gives the above number for the atomic weight.] 
Dumas thinks it probable that it can be more accurately 
determined by analysis. (Annal. de Chim, et de Phys., S3, 
1826, 337.) 

I J. J. Bebzblidb : Je6.S6 {0 = 16) ; 789.14 (0 = 100). 

I Determined by decomposing a known weight of argentic 
3odide in a current of chlorine, melting the chloride and 
expelling free chlorine by atmospheric air. The number is 
the mean of two experiments; difference, 0.01. Ag ;= 
1351.607; CI = 442.653. The iodide was prepared by pre- 
cipitation from a solution of potassic iodide with argentic 
nitrate. The first portion of the precipitate was set aside 
as possibly contaminated with chlorine. [Poggend. Ann., 
' ■,, 1828, 562.) 
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C. Marignac : 126.844 (0 = 16). 

In five experiments a known weight of silver was dissolved 
in nitric acid and precipitated by a known amount of potas- 
sic iodide according to Pelouze's modification of Gay-Lussac's 
method. The mean result was 100 Ag = 153.74 KI in air; 
extreme difference, 0.14. Stas has recalculated this result 
for Ag = 107.93, and K = 39.137. The atomic weight so 
found is, in vacuOj 126.847. In three experiments a known 
weight of silver was dissolved and precipitated as iodide ; 
mean result, 100 Ag = 217.511 iodide. Extreme difference, 
0.04. From these data Stas gets I = 126.84. The iodine 
was purified by recrystallization as potassic iodate. The 
methods employed by previous experimenters were ineffec- 
tual. {Berzelius' Jahresbericht, ^4, 75 ; BibL Univ. de Genive^ 
46j 1842, 367; also, Stas, Untersuch. iiber Chem. Prop.^ 153.) 

E. MiLLON : 126.07 (O = 16) ; 787.915 (O = 100). 

Three experiments were made on the decomposition of 
potassic iodate. The mean loss of oxygen was 22.473 per 
cent; extreme difference, 0.03. If K = 488.94, this gives I = 
1580.93. In three experiments argentic iodate, which had 
been dried for a long time at 200°, was employed, which lost 
17.0467 per cent, oxygen; extreme difference, 0.03. If Ag 
= 1349.01, these data give I = 1570.73. [Berzelius cites 
this as an atomic weight determination ; Millon, however, 
seems to have regarded it only as a confirmation of Ber- 
zelius' number.] Millon prepared pure iodine by passing a 
current of chlorine through a solution of KI till the precipi- 
tated I was redissolved, and reprecipitating with an excess 
of KI. {Annal. de Chim. et de Phys., (3,) 9, 1843, 407.) 

V. A. Jacquelin : 125.6 (O = 16) ; 785 (0 = 100). 

Determined by the analysis of iodic acid with silver. 
The acid was prepared by the oxidation of iodine with 
nitric acid of sp. gr. 1.5. The purity of the preparation 
does not seem to have been tested. Ag = 1351. (Erd- 
mannas Journ.fUr Prak. Chem., 61 ^ 1850, 458 ; Annal. de Chim. 
et de Phys., (3,) SO, 1850, 332.) 

J. Dumas : 127 (O = 16). 

Determined by the conversion of argentic iodide into 
chloride in a current of dry chlorine. Two experiments 
gave 127.04 and 127.01 for Ag = 108 ; CI = 35.5. In Gme- 
lin-Kraut's Handbuch these data are recalculated for Ag = 




; and CI = 36.457, giving 1 = 126.941 and 126.928. 
^j argentic iodide used was prepared from zinc iodide 
ittch nad been prepared from iodine in large crjstala. 
! argentic iodide was fused. (Annal. de Chim. et de 
,, (8,) 65, 1859, 163.) 

J. S. Stas : 126.861. 

8tas ascertained the molecular weight of argentic iodide 
I follows : 

1 two complete analyses, a known weight of argentic 

Late was decomposed by heat in a current of pure, dry 

trogen. The oxygen set free was caught by hot copper 

_/& weighed, a-s well as the residual argentic iodide. In 

■e experiment argentic iodate was dissolved in ammonia, 

Vecipitated by sulphuric aeid, (to secure advantageous divi- 

DD of the salt,) and reduced while in suspension by a slow 

prrent of aulphurous acid. The mean molecular weight 

iched was 2S4.779; extreme differenee, 0.063. Thesam- 

8 of iodate employed were prepared : (1.) From argentic 

blphate and potassic iodate, mixed boiling, the latter lu 

access, thorough washing aod drying iu air freed from 

organic particles; (2.) By the reaction of potassic iodate on 

argentic hyposulphite. The purity of the salt was carefully 

tested. 

Stas ascertained the composition of argentic iodide as 
follows : 

(1.) A known weight of argentic nitrate was precipitated 
by hydro-iodic acid and the argentic iodide washed, dried, 
and weighed in the siirae vessel. (2.) A known weight of 
Ag was dissolved in nitric acid, converted into sulphate, 
dissolved iu very dilute sulphuric acid, and precipitated with 
hydro-iodic acid. The precipitate was washed at tempera- 
tures increasing up to 90". (3.) A known weight of argen- 
tic sulphate was allowed to react on a known and nearly 
equivalent weight of iodine in an aqueous solution of sul- 
phurous and sulphuric acids at 10°, and in the dark,tilT all 
the iodine was taken up. The excess of iodine was titrated 
with silver solution, and the iodide weighed. This method 
was employed in two experiments. (4) diiifered from (3) 
mainly in the conversion of the iodine into ammonium 
iodide before bringing it into contact with argentic sul- 
phate. Four experiments were made by the last method. 

The mean composition of the iodide, as derived from all 
the espenments, is 100 Ag = 117.5343 iodine. From these 
data Stas calculates the atomic weight of I at 126.S57, and 
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that of silver at 107.928. [The sum of these weights is not 
the molecular weight, and this, as well as recalculation of 
the data, shows that the number is a misprint for 126.851. 
Stas' results are, therefore, even closer to Marignac's than' 
his memoir would indicate.] 

Most of the experiments were made with iodine prepared 
by the decomposition of nitric iodide decomposed in a large 
volume of water at 65°. The iodine was further purified 
by distillation over barium oxide and by other means. For 
the preparation of silver see that metal. All possible pre- 
cautions were observed in the preparation of all reagents 
and in the conduct of the experiments. {Stas^ Untersucfu 
iiber Chem. Prop. Leipzig^ 1867.) 



IRIDIUM. 



Regnault determined the specific heat of iridium. It cor- 
responds to an atomic weight of about 198. {Gmelin-Krauty 
L c.) 

J. J. Berzblius : 197.19 (O = 16). 

Berzelius determined this value from analysis of potas- 
sium chloro-iridiate. This salt reduced in hydrogen lost 29 
per cent., the same quantity lost by the corresponding pla- 
tinum salt, (vide platinum.) Berzelius originally calculated 
the atomic weight of the platinum metals both from the 
loss of chlorine of these double salts and from the relation 
between the metal and the potassic chloride left after reduc- 
tion. In his Lehrbuch he points out the impossibility of 
complete desiccation, and resorts exclusively to the latter 
method of calculation. With respect to iridium he merely 
asserts that its atomic weight is the same as that of plati- 
num, without there, or elsewhere, giving data as to the 
amounts of iridium and potassic chloride found in the 
reduced salt. It is, therefore, open to question whether he 
assumed the identity from the loss on reduction or not. [It 
Pt = Ir, and if KCl = 74.594, the value fellows ; see plati- 
num.] Osmium and iridium were separated by fusion with 
nitre, solution, and distillation. The residue was fused with 
potassic chloride and sodium carbonate. On solution the 
iridium remains behind. This residue was repeatedly roasted 
and reduced to drive off osmium compounds. The potas- 
sium chloro-iridiate was formed from the pure metal. {Pog- 
gend. Ann., 13, 1828, 468; Kongl. Vet. Acad. HandL, 1828.) 



^■^ IRON. €& 

^ C. E. Claus : W. M. "Watts : 197.G (0 = 16). 

Watta recalculated two analyees of potasaimn ohloro- 
iridiate by ClauB from the loss in reduction, and for CI ^ 

15.457, (Stas.) From one analysis he finds K = 39.87, and 
r= 198.56; from the other It = 39.93, and Ir = 196.62. 
Chem. News, 19, 1869, 302.) 
IRON. 

Regnault, Knpp and others have determined the specific 
heat of this metal. It corresponds to an atomic weight of 
^'•out 56. {Gmclin-Kraut, I. c.) 

L.J. TuENARit: F. n. Wollaston: 65.S (0 = 16); 
345 (0 = 100). 
F Thenard determined the composition of the oxide at 22.5 
} and 77.5 Fe, whence Wollaaton calculates the value. 
fhil. Trans., 10^, 1814, 21.) 

J. J. Berzelios : 5It.Q7 (0 = 16) ; 339.213 (O = 

100). 

Determined by repeated experiments on the oxidation of 

on, such as is iiaed for piano wire, with nitric acid. The 

irbon waa determined and allowed for. Berzelius in his 

Lehrbiick shows that the error in this determination lay in 

the unsuspected presence of soluble silica and on reanalysis 

he found enough of it to correct the number when taken 

Hinto account. (Poggemt. Ann., 8, 1826, 185.) 

^K G. Maqnds : 5^.35 (O = 16} ; 339.06 (0 = 100). 

^* Magnus' experiments were made by reducing ferric oxide 
in a current of hydrogen at about the temperature of boil- 
ing mercury. He regarded them airaply as comtirmatory 
of Berzelius' number. [Poggeml, Ann., 3, 1825, 84.) 

»F. Steombyer : S5.6 (0 = 16). 
Determined by reducing ferric oxide at a red heat by 
hydrogen. The oxide is reduced only with great difBculty 
nt a lower temperature. The mean of the experiments 
gave tiie oxygen contents at 30.13 per cent., [whence I have 
^Mlculsted the value.] {Poggend. Ann., 6, 1826, 47^.) ■ 

m 5 d 
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that of silver at 107.928. [The sum of these weights is not 
the molecular weight, and this, as well as recalculation of 
the data, shows that the number is a misprint for 126.851. 
Stas' results are, therefore, even closer to Marignac's than* 
his memoir would indicate.] 

Most of the experiments were made with iodine prepared 
by the decomposition of nitric iodide decomposed in a large 
volume of water at 65°. The iodine was further purified 
by distillation over barium oxide and by other means. For 
the preparation of silver see that metal. All possible pre- 
cautions were observed in the preparation of all reagents 
and in the conduct of the experiments. {StaSj UntersucfL 
iiber Chem. Prop. Leipzig^ 1867.) 



IRIDIUM. 



Regnault determined the specific heat of iridium. It cor- 
responds to an atomic weight of about 198. {Gmdin-Krauty 
I. c.) 

J. J. Berzelius : 197.19 (0 = 16). 

Berzelius determined this value from analysis of potas- 
sium chloro-iridiate. This salt reduced in hydrogen lost 29 
per cent., the same quantity lost by the corresponding pla- 
tinum salt, {vide platinum.) Berzelius originally calculated 
the atomic weight of the platinum metals both from the 
loss of chlorine of these double salts and from the relation 
between the metal and the potassic chloride left after reduc- 
tion. In his Lehrbuch he points out the impossibility of 
complete desiccation, and resorts exclusively to the latter 
method of calculation. With respect to iridium he merely 
asserts that its atomic weight is the same as that of plati- 
num, without there, or elsewhere, giving data as to the 
amounts of iridium and potassic chloride found in the 
reduced salt. It is, therefore, open to question whether he 
assumed the identity from the loss on reduction or not. [It 
Pt = Ir, and if KCl = 74.594, the value fellows ; sec plati- 
num.] Osmium and iridium were separated by fusion with 
nitre, solution, and distillation. The residue was fused with 
potassic chloride and sodium carbonate. On solution the 
iridium remains behind. This residue was repeatedly roasted 
and reduced to drive ofiT osmium compounds. The potas- 
sium chloro-iridiate was formed from the pure metal. (Pog- 
gend. Arm., IS, 1828, 468; Kongl. Vet. Acad. Handl, 1828.) 
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r C. E. Clads ; W. M. "Watts : 197.6 (0 = 16). 

Watts recalculated two analyses of potassium chloro- 
iridiate by ClauB from the loss in rerluctioa, and for CI ^ 
85.457, (Stas.) From one analysis be finds K = 39.87, and 

1=198.66; from the other K = 39.93, and Ir = 196.62. 
kern. News, 19, 1869, 302.) 
IRON. 

Regnault, Kopp and others have determined the epecifio 
he at of this raetal. It corresponds to an atomic weight of 
^Kwut 56. {Gmclm-Kraut, I. c.) 

^B L.J. Thenard: F. H. Wollaston: 55.^ (0 = 16); 
^B 345 (0 = 100). 

^B- Thenard determined the composition of the oxide at 22.5 
^^ft and 77.5 Fo, whence "Wollaston calculates the value. 
^^hH. Trans., 104, 1814, 21.) 

^1 J, J. Bbbzelius: 54..S7 (0 = 16); 339.213 (0 = 

V 100). 

Determined by repented experiments on the oxidation of 
iron, such as is used for piano wire, with nitric acid. The 
carbon was determined and allowed for. Berzelius in his 
Lehrbueh shows that the error in this determination lay in 
the unsuspected presence of soluble silica and on retinalysis 
he found enouo;h of it to correct the number when taken 
into account. {Poggend. Ann., 8, 1826, 185.) 

G. Magnus: BJfUS (0 = 16) ; SS9.06 (0 = 100). 
Magnus' experiments were made by reducing ferric oxide 
in a current of hydrogen at about the temperature of boil- 
ing mercury. lie regarded them simply as comlirmatory 
Of Berzelius' number. {Poggend. Ann., 3, 1825, 84.) 

II F. Strometbr : 65.6 (0 = 16). 

Determined by reducing ferric oxide at a red heat by 
ydrogen. The oxide is reduced only with great difficulty 
ax a lower temperature. The mean of the experiments 
[ave the oxygen contents at 30.15 per cent., [whence I have 
lllculatod the value.] {Poggend. Ann., 6, 1826, 475.) i 



^Bftlci 
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that of silver at 107.928. [The sum of these weights is not 
the molecular weight, and this, as well as recalculation of 
the data, shows that the number is a misprint for 126.851. 
Stas' results are, therefore, even closer to Marignac's than* 
his memoir would indicate.] 

Most of the experiments were made with iodine prepared 
by the decomposition of nitric iodide decomposed in a large 
volume of water at 65°. The iodine was further purified 
by distillation over barium oxide and by other means. For 
the preparation of silver see that metal. All possible pre- 
cautions were observed in the preparation of all reagents 
and in the conduct of the experiments. {StaSj Untersuch. 
iiber Cfiem. Prop. Leipzigy 1867.) 



IBIDIUM. 



Regnault determined the specific heat of iridium. It cor- 
responds to an atomic weight of about 198. {Gmelin-Krauty 
L c.) 

J. J. Berzelius : 197.19 (0 = 16). 

Berzelius determined this value from analysis of potas- 
sium chloro-iridiate. This salt reduced in hydrogen lost 29 
per cent., the same quantity lost by the corresponding pla- 
tinum salt, {vide platinum.) Berzelius originally calculated 
the atomic weight of the platinum metals both from the 
loss of chlorine of these double salts and from the relation 
between the metal and the potassic chloride left after reduc- 
tion. In his Lehrbuch he points out the impossibility of 
complete desiccation, and resorts exclusively to the latter 
method of calculation. With respect to iridium he merely 
asserts that its atomic weight is the same as that of plati- 
num, without there, or elsewhere, giving data as to the 
amounts of iridium and potassic chloride found in the 
reduced salt. It is, therefore, open to question whether he 
assumed the identity from the loss on reduction or not. [It 
Pt = Ir, and if KCl ^ 74.594, the value fellows ; sec plati- 
num.] Osmium and iridium were separated by fusion with 
nitre, solution, and distillation. The residue was fused with 
potassic chloride and sodium carbonate. On solution the 
iridium remains behind. This residue was repeatedly roasted 
and reduced to drive off osmium compounds. The potas- 
sium chloro-iridiate was formed from the pure metal. (Pog- 
gend. Am.y 13, 1828, 468; Kongl. Vet. Acad. HandL, 1828.) 
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C. E. Clacs : W. M. Watts : 197.6 (0 = 16). 

Watts recalculated two analyses of potassium chloro- 

iridtate by Claus frora the loss in roduction, and for CI ^ 

35.457. (Stas.) From one analysis he finds K = 39.87, and 

"'r=lU8.56; from the other K = 39.93, and Ir = 196.62. 

'Chem. News, 19, 1869, 302.) 



[ Regnault, Kopp and others have deterrQined the specific 
»at of this metal. It corresponds to an atomic weight of 
: 56. {Gmelin-Kraut, I. c.) 

L.J. Thenard: F. H. Wollaston: 55.2 (0 = 16); 
845 (O = 100). 
\ Theuard determined the composition of the oxide at 22.5 
\ and 77.5 Fe, whence Wollaston calculates the value. 
fhil. Trans., I04., 1814, 21.) 

J.J. Berzelids: 5i.S7 (0 = 16); 339.213 (0 = 

100). 

I Determined by repeated experiments on the oxidation of 

Von, such as is used tor piano wire, with nitric add. The 

^rbon waa determined and allowed for. Berzelius in his 

thrbach shows that the error in this determination lay iu 

^ i unsuspected presence of soluble silica and on reiinaljsis 

^ found enough of it to correct the number when taken 

Bto account. {Poggend. Ann., 8, 1826, 186.) 

G. MAQHD8 : S4..m (O = 16) ; SS9.06 (0 = 100). 
Magnus' experiments were made by reducing ferric oxide 
in a current of hydrogen at about the temperature of boil- 
ing mercury. He regarded them simply as comfirmatory 
of Berzelius' number. [Poggend. Ann., S, 1825, 84.) 

■ F. Stkomeyer : 55.6 (O = 16). 

^r^Jetermiucd by reducing ferric oxide at a red heat by 
hydrogen. The oxide is reduced only with great difficulty 
XKt a lower temperature. The mean of the experiments 
gave the oxygen contents at 30.15 per cent,, [whence I have 

^firiculated the value.] {Poggend. Ann., 6, 1826, 475.) 
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C. Erk : 136.39 (O = 16). 

Determined by analysis of the sulphate by the method 
employed by Holzmann. The bases were separated by the 
methods which Hermann used. Yttrium was also elimi- 
nated. Fresenius in his Zeitschrift^ 10^ 509, objects to the 
details of the Erk's manipulation of barium sulphate. 
(Kopp's Jahresberichiy 1870, 319 ; Jena Zeitschr, fiir Med, und 
mt, 6, 1870, 299.) 

D. Mendblbjeff : 180 (0 = 16). 

As La forms but one oxide, the salts of which are not, 
according to Marignac, isomorphous with those of the 
lower oxide of didymium, Mendelejeflf concludes that it 
belongs to the same group, but that its oxide is a binoxide, 
and its atomic weight 180. (Liebig's Ann.^ SuppLj <S, 1871^ 
190.) 

C. Marignac : 138.76 (0 = 16). 

By heating the sulphate till all acid was expelled, Marig- 
nac, in two experiments, determined La (bivalent) at 92.62 
and 92.56 ; by precipitation with ammonia and heating at 
92.24 and 92.48. The sulphate was purified by a great num- 
ber of partial recrystallizations, and showed only doubtful 
traces of didymium in the spectroscope. IS = lb. (Aiinal. 
de Chim. et de Phys., (4,) 30, 1873, 67.) 

P. T. Cleve : 139.15 (O = 16). 

Determined by the conversion of lanthanium oxide into 
sulphate. The number is the mean ; extreme difference 
0.55. The oxide was purified from didymium by repeated 
partial precipitation from nitric acid solution with ammonia^ 
basic didymium nitrate going down. The lanthanium 
was finally precipitated with oxalic acid. The oxide was 
found to be spectroscopically pure by Thalen. {Kopp's Jah- 
resbencht, 1874, 257; Paris Bull, de la Soc. Chim., SI, 196, 
246, 344.) 



LEAD. 



Itegnault, Eopp and others have determined the specific 
heat of lead. It answers to an atomic weight of about 207* 
{Gmelin-Kraut, l. c.) 




V J. J. Bekzehos and F. H. Wollaston : 2074 (0 = 

■ 16); 1296(0 = 100). 

BcrzcliuB found 16.5 parts carbon di-oxide eqnid to 83.5 
lead oxide, whence the value, if C := 75.4. [If C =: 12, 

K'^eae figures gi%'e lead at 206,67,] Berzelius also determined 
e composition of the oxide at 7.15 oxvgeii and 92.85 lead, 
ving Pb = S07M or 1297. [Ph\l. Trans., IO4., 1814, 20.) 
D 
ea 



J. J. Berzelius: eOTJS (0 = 16); 1294.498 (0 = 
100). 

Detertuined by the reduction of a known weight of oxide 
rf lead by h3'drogen and the weight of the resultaiit lead ; 
Bikean of four nearly coincident experiments. (Poggend. 
1., 8, 1826, 184. 



— Longchamp is credited in eome books with an atomic 
weight determination of lead. He made none, but only 
speculated on the composition of minium, taking Berzolius' 
tetermiuation as a baeis. i^Aiinal. dc ClUm. et de Ph)/s., 34, 
^827, 105.) 

J. J. Bekzblids: 1S07.078 (0 = 16); IS94.S42 (0 = 
100). 

This value is the mean of six experiments on the reduc- 
'on of the oxide in a current of hydrogen. The oxide was 
iroduced by the decomposition of the nitrate by heat. As 
his compound reacts upon Pt, the crucible was lined out 
nth !i coating of a very basic nitrate, which prevented the 
lamps uf neutral salt from coming in contact with the cruci- 
ble. Tbc glass in which the oxide was reduced was not 
attacked. [The third analysis is miscalculated. It should 
show an atomic weight of 1295.595. The mean is, there- 
fore, as above, and the extreme difference 2.421.] {Poggend. 
Ann., 19, 1830, 314.) 

J. J. Berzelius: SO7.14. (0 = 16); 1294.645 (0 = 

100). 

In his Lehrbuch, Berzelius selects iive analyses made by 

the above method, three of them the same. These give the 

above mean, with an extreme difference of 0.704 for O = 

100. (Lehrbuch, 3, 1219.) 

E. Turner: S07.3 (0 = 16). 
Determined by experiments on the conversion of metallic 
lead and of oxide of lead into the sulphate by solution io 
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nitric acid and evaporation with sulphuric acid. In three 
experiments, Turner found 100 lead = 146.401 sulphate ; 
extreme difference 0.055. Berzelius had found 100 Pb = 
146.419 sulphate ; extreme difference 0.078. Turner takes 
the mean of his own and Berzelius' determinations, 146.41. 
In one experiment Turner found 100 oxide = 135.92 sul- 
phate. Combination of these results gives Pb = 103.6 [or 
more accurately 103.65.] The oxide was prepared from 
subnitrate. The lead was prepared from plumbic acetate 
which was converted into carbonate, then into nitrate, in 
which form it was recrystallized, then again into carbonate, 
and reduced by black flux. On testing, it was found per- 
fectly pure. Weighings reduced to vacuum. {PhiL Trans.j 
123, 1833, 524.) 

C. Marignac : 207.04 (0 = 16). 

Marignac made four experiments on plumbic chloride by 
Pelouze's modification of the silver titration method. He 
found Pb = 103.57-.49-.55-.46. The number taken is the 
mean. The salt was titrated cold, argentic chloride being 
soluble in hot solutions of plumbic nitrate. The plumbic 
chloride was purified by recrystallization, and, after being 
pulverized, was dried at about 200°. According to Marig- 
nac there is no difliculty in desiccating it completely at this 
temperature. Ag = 108 ; CI = 35.5. Marignac found it 
impossible to convert the chloride into the sulphate com- 
pletely. {BibL Univ. J Arch, des Sciences, (2,) 1, 1858, 223.) 

J. Dumas: 207.1 (0 = 16). 

From a single experiment on the precipitation of the 
chloride with argentic nitrate. The chloride used was 
heated for twelve hours in a current of dry HCl, and the 
amount of water retained determined. Dumas found it im- 
possible entirely to desiccate the salt without decomposition, 
drying at 250° does not desiccate it. CI = 35.5 ; Ag = 108. 
{Annal. de Chim. et de Phys., (3,) 66, 1859, 129.) 

J. S. Stas: 206.926 (0 = 16). 

According to the mean of 10 syntheses of plumbic nitrate, 
100 lead = 159.9703 nitrate ; extreme difference, 0.023. If 
N = 14.044, this relation gives Pb = 206.918. * Stas also 
made six syntheses of the sulphate, which gave in mean 
100 Pb = 146.4275 sulphate ; extreme diflference, 0.024. If 
S = 32.0742, this relation gives Pb = 206.934. The syntheses 
were made in the same way as in the determination of the 



LITHIUM. 



73 



LITHIUM. 



rjatoruic weight of silver. The drj-ing of the nitrate could 
be accomplished only in vaaio and at about 155°. The 
weighings are for vacuum. The lead used was prepared 
from commercial acetate by precipitation with metallic lead, 
of copper, etc., conversion into sulphate, then into carbo- 
nate and reduction by potaasic cyanide or black flux. (^Stas, 
Untersuch. iiber Ckem. Prop. Leipzig, 1867, 324.) 

^^f Regnault has determined the epecific heat of lithium. It 
corresponds to an atomic weight of about 7. (Gmelin- 
KrautJ.c.) 

The earliest determinations of this constant seem to 
have been made with a double salt of lithium and potassium, 
at all events with a very impure material. According to 
Arfvedson, 420.4 lithium chloride give 1322.4 argentic 
chloride, whence he deduces as the atomic weight the num- 
ber 127.757 [or_10.22.] (Poggend. Ann., S, 1826,189.) L. 
N. Vauijuelin found 430 lithium sulphate equivalent to 
875 barium etilphate. [If 8 = 32; Ba = 137.08, this rela- 
tion gives Li ;= 9.27.] Vauquelin does not describe the 
preparation of hia salt. (Annal, de Ckem. el de Phgs., 7, 1818, 
287.) C. G. Qmelin found Li = 191.21 [or 7.C5J (Poggend. 
Ann., 15, 480 ; Gilbert's Ann., 6S, 1819, 399.) Kralovanszky 
by two analyses of the sulphate with barium chloride got 
Li at from 10.096 to 10.168 {Liebig's Ann., 121, 94; 
Sckiceigger's Joum., 6/f, 1828, 231.) Thomson and Stro- 

Ixaeyer also each got simitar valuea. {Thomson's Sgsiemof 
Ckem., 7th ed., 7,1881,420.) 
R. Hermasn: e.OSS (0 = 16); 38.03 (0 = 100). 
r Experiments were made on the carbonate by decomposing 
pt with acid over mercury, and measuring the resultant 
^i-oxide. For C = 75.33, these determiuatioua give Li = 
S8. Several experiments were also made by analyzing the 
sulphate with barium chloride. For 8 = 201.06 and Ba := 
856.88, these give Li = 38.05. Hermann precipitated 
lithium carbonate with ammonium carbonate, and subse- 
<juently converted it into sulphate. The chloride was pre- 
pared from the phosphate byBerzelius' method. (Poggend. 
■ , IS, 1829, 480.) 
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J. J. Berzblius : 6MS (0 = 16) ; 40.83 (O = 100). 

Berzeliua found that 1.874 lithium sulphate ffave 3.9985 
barium sulphate, and calculated this relation for 8 = 200.75; 
Ba = 855.29. He also found 4.4545 melted carbonate = 
6.653 sulphate, but rejected the analysis. {Lehrbuchy 5, 1229, 
and Jahresbericht, 10, 1830, 96.) 

R. Hagen : 6,57 (0 = 16). 

Hagen precipitated lithium sulphate with barium chlo- 
ride, and found that 0.852 dry lithium sulphate gave 1.8195 
barium sulphate whence he calculates Li = 6.493. Of 
Ba = 137.08 ; 8 = 32 ; this relation gives Li = 6.57.] 
{Poggend. Ann., 48, 1839, 363.) 

J. W. Mallet : 6.95 (0 = 16) ; 86.89 (0 = 100). 

In two experiments a known weight of lithium chloride 
was precipitated by argentic nitrate, and the argentic chlo- 
ride weighed. In one experiment lithium chloride was 
titrated with argentic nitrate by Pelouze's method. The 
number is the mean ; the extreme difference is 0.18 for O 
= 100. Mallet takes Ag = 1349.66; 01 = 443.28. The 
alkalis were separated from the lithium salt by repeated 
treatment with ether and alcohol. The salt was examined 
for impurities, and was fused with a little ammonium chlo- 
ride to prevent the formation of oxy-chloride. {SUUman's 
Amer. Joum., (2,) 2Z, 1856, 349.) 

L. Troost : 6.5 (0 = 16). 

Troost found this number from analysis of the carbonate 
which had been crystallized from water containing carbon 
di-oxide and dried at 200°, but does not regard it as defini- 
tive. {Annal, de Chim. et de Phys., (3,) 61, 1857, 111.) 

J. W. Mallet : 7 (O = 16). 

Troost having objected to Mallet's former method of 
determination, ne redetermined it by precipitating the 
sulphate with a standard solution of barium chloride, 
the precipitating power of which had been tested on the 
sulphates of magnesium and sodium. This method was 
adopted to avoid the well-known imperfections of the sul- 
phur determination. Compared with sodium sulphate the 
atomic weight of Li was found =: 6.92 and 6.95. Compared 
with naagnesium sulphate it was found = 7.07 and 7.09. 



_ = 24; Na = 23. The sulphate was prepared from car- 
fODate, and dried somewhat below a red heat. {SiUiman's 
^mer. Journ., (2,} S8, 1859, 349.) 

K. Dxehl: 7.026 (0 = 10). 

IDetermined by analysia of lithium carbonate with Bun- 
pn's apparatus and in his laboratory. Four experiments; 
^treme difference, 0.024. C ;= 12. The salt was purified 
from alkalis by precipitation as carbonate, resolution in aeid 
and re precipitation, repeated until the sodium line was no 
longer visible, Diehl found that precipitation of the sul- 
phate with barium chloride cave a nearly constant error on 
account of the retention of Uthiura in the precipitate, and 
led to nearly the same results aa Berzelius got. {Lubig'a 

r., lei, 1862, 93.) 
L, TaoosT: 7 [0 = 16). 

Troost found 1.309 grammes lithium chloride = 4.42 
nrgentic chloride, and 2.75 lithium chloride = 9.3 argentic 
chloride. From these analyses he deduces the values 7.03 
and 6.99. By decomposing the carbonate, dried at 100°, 
with silicic acid, he found 0.97 carbonate = 0.577 carbon 
di-oxide and 1,782 carbonate = 1.059 di-oxide, and infers 
for Li 7 and 7.02. In one experiment the carbonate was 
converted into sulphate. 1,217 carbonate gave 1.808 sul- 
phate. Trooat calculates Li = 7.06. [If CI = 35.457; Ag 
= 107.93; C = 12; S = 32; these determinations give, in 
the same order as above, 7.01 ; 6.94; 6.98; 7.02; 7.07.] 
The carbonate was purified by solution in water containing 
carbon di-oxide, and reprecipitation by boiling, the opera- 

,on being repeated until the salt was spectroseopically pure. 

" ris Comples Rend., 54, 1862, 366.) 






J. S. Stas: 7.022 (0 = 16). 



According to the mean of three determinations, 100 parts 
of silver = 39.358 lithium chloride; extreme difference, 
0.005. If Ag = 107.93; 01=35.457; this ratio gives Li 
= 7.022. This value is confirmed by experiments on the 
conversion of the chloride into the nitrate, the results of 
which give Li ^ 7.018. The comparison with silver was 
tnade according to Pelouze's modification of the silver titra- 
tion method. The chloride was purified from alkalis, after 
preliminary treatment with ether and alcohol, by pouring 
the dissolved salt into a boiling solution of ammonium car- 
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bonate containiDg ammonia in excess. All weighings re* 
duced to vacuum. {Stas^ Untersuch. iiber Chem. Prop^^ 
Leipzig^ 1867.) 



MAGNESIUM. 

Regnault and Kopp have each determined the specific 
heat of this metal. It answers to an atomic weight of 
about 24. {Gmelin-Krauty L c) 

J. J. Berzblius : S6.S (O = 16) ; 158.189 (O = 100). 

Determined by dissolving magnesium oxide in dilate sul- 
phuric acid, evaporating and heating to incipient redness. 
100 oxide were found = 293.985 sulphate. The sulphate 
was perfectly soluble in water and had therefore lost none 
of its acid. The oxide was purified by solution in an 
aqueous solution of carbon di-oxide and reprecipitated by 
boiling. S = 200.75. {Poggend. Ann., 8, 1826, 188 ; and 
Lehrbuch, 3, 1227.) 

Marchand and Scheerer recalculated this analysis for S = 
200 and reached the value 157.74. They assert that the 
oxide may have contained alkalis and that the sulphuric 
acid carries oflF magnesium sulphate in volatilizing. [Erd- 
mannas Joum.fiir Prak, Chem,, 60 , 1850, 392.) 

W. Henry : F. H. Wollaston : )SS.S6 (0 = 16); 146 
(O = 100). 

Henry found that magnesium sulphate contained 88 per 
cent, magnesium oxide. K S = 200 the value follows. 
(Phil Trans., lOJ^, 1814, 21.) 

— Longchamp : 15,35 (0 = 16). 

In two experiments, Longchamp found that five parts of 
crystallized magnesium siuphate are equivalent to 4.91 
barium sulphate. [If Ba = 137.08; S = 32, the number 
follows.] Longchamp found 53 per cent, water which is 
much too high. According to Marchand and Scheerer, the 
data for the anhydrous salt give Mg = 97.37, for S = 200 ; 
Ba = 856.8, [or 15.74.] {Annal. de Chim. et de Phys., H, 
1819, 265.) 

L. J. Gay-Lussac : 23.62 (O = 16). 

16.205 grammes crystallized sulphate were found equal 
to 15.345 barium sulphate, and 19.395 magnesium sulphate 
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to 18.3456 barium sulphate. Calculating from the anhy- 
droDS salt Gay-Lnssac found from these experiments re- 
spectively Mg =147.23 and Mg = 148.09 for Ba = 856.8; 
S = 200. The salt waa fouud to contaiQ 51.43 water. 
[Calculated from the anhydrous salt these data give Mg 
= 23.55 and 23.68. Calculated from the hydrous salt {7 
Dioieculea water) the numbers give 24.14 and 24.41, if S ^ 
32; Ba = 137.08.] Qay-Lussac remarks that the sulphate 
18 partially decomposed at a red heat. (Annal.de Chim. et 
At Fhps.y IS, 1820, 308.) 

L T. ScHEERER : S4.J6 (0 = 16) ; 150.97 (0 = 100). 

^^k Me&D of six experiments on the precipitation of the suU 
^^Kate with barium chloride. Extreme difference, 0,79. S 
^Eb 200.75; Ba = 855.29. After weighing, the barium au!- 
I pbate waa treated with dilute IICl and the chloride thus 
extracted allowed for. (Poggend. Ann., 69, 1846, 535.) 

T. SoHKEBES : S4-!S1 {0 = 16) ; 151.33 (0 = 100). 
Barium sulphate formed as in the last determination was 
fused with soda, the barium carbonate dissolved in HCl, and 
reprecipitated as sulphate. In the filtrate additional raag- 
Dfisia was found. If the error in the former determinatiou 
nraa the same, its corrected value would be as above. 
I (Poffgend. Ann., 70, 1847, 407.) 

• SVANBERQ and NORDBNFELDT : @^.72 (0 = 16) ; 

154.504 (0 = 100). 
Four e.vperimenta were made on the calcination of the 
oxalate, and three on the conversion of the magnesia so 
obtained into sulphate. The oxalate was dried at from 
100° to 105° and heated to redness until the weight waa 
constant. The oxide was dissolved in sulphuric acid, evapo- 
rated and the excess driven off by heat. The oxalate was 
prepared from the sulphate by precipitation with sodium 
carbonate and digestion with oxalic acid. The number ia 
the mean of all experiments; extreme difference, 0.514. 
S = 200.75; C = 76.12; H = 12.48. {Erdmann's Journ. 
__pT Prak. Chem.,45, 1848, 473.) 

According to Marchanj and Scheerer, the data give Mg 
'sl54.27 for S = 200; H = 12.5; C = 75. 

Marchand and Scueerer : S4..03 (0=16); 150.19 
(O = 100). 
I Eleven experiments were made in calcining massive mag- 
Miam carbonate from Frankenstein, and weighing the 
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caustic magnesia formed. The carbonate was dried at 
800°, and the carbon di-oxide, which passes off above 230°, 
was caught by caustic baryta solution and determined. The 
traces of carbon di-oxide not expelled by a yellow heat 
were set free by solution in chlorhydric acid and also de- 
termined as barium carbonate. The silicic acid, etc., were 
also determined. The mean in air is 150.34 ; in vacuo as 
above. Extreme difference, 0.57. C = 75. Eleven other 
experiments were made with comparatively impure material 
and less precaution, tending to confirm the above. {^Erd- 
mannas Joum, fiir Prak, Chem.^50^ 1850, 409.) 

T. SoHEERER : 24 (O = 16) ; 150 (O = 100). 

B^ separating the neutral sulphates of magnesium and 
calcmm by means of alcohol, Scheerer found that the mag- 
nesites used by Marchand and himself contained from one- 
fourth tOvOne-half per cent, calcium oxide. This correction 
would make their determination almost exactly 250 or 24. 
{Liebifs Ann., 110, 1858, 236.) 

V. A. Jacquelin: ^4^408 (0 = 16); 152.55 (0 = 
100). 

Anhydrous, neutral magnesium sulphate, obtained by 
solution of the oxide in sulphuric acid and heating to red- 
ness, gave 33.56 per cent, pure oxide. The method adopted 
is not described. This oxide by treatment with sulphuric 
acid gave the original amount of sulphate. If S = 200, 
the number follows. {AnnaL de Chim. ei de Phys,, (3,) 32 ^ 
1851, 195.) 

A. Macdonnell : 23.9 (0 =16). 

Determined from analyses of anhydrous and of crystal- 
tized magnesium sulphate. {Brit Assoc, Rep,, 18^2, part 
2, 36; and Kopp's Jahresbericht, 5, 364.) 

J. F. Bahr : U'77 (0 = 16) ; 154.842 (O = 100). 

A known weight of purified magnesium oxide was dis- 
solved in sulphuric acid, evaporated and heated to redness 
till the weight was constant. The number is the mean of 
three experiments; extreme difference^ 0.515. The oxide 
was obtained from meteoric olivin. After removal of the 
heavy metals, the solution was evaporated to dryness with 
soda, washed and heated to redness. The oxide so obtained 
was dissolved in acetic acid, oxalic acid was added, the 
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solution evaporated nearly to dryness, and the oxalate 
tboroughly washed. Bahr eaya that the presence of alkalis 
could not be suspected. S ^ 200. {Erdmann's Jown. fUr 
Prak. Chem.,S6,lS52,S10; CEfverstgl of Akad. JFccrh., lS5ly 
303.) 

Scbeerer says that oxide bo prepared retains carbonic 
acid, that sulphate is carried o&' in heating the sulphate to 
redness, and that the presence of alkalis is to be suspected. 
^.mann's Joum.fUr Prak. Chem., 56, 1862, 489.) 
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3. Ddmab : 24.6 (O =16). 



Dumas made eleven experiments on the titration of mag- 
nesium chloride with argentic nitrate. He found great 
difficulty in preparing pure chloride, and does not feel con- 
fident of hia results. The number is the mean ; extreme 
difference, 0.28. Ag = 108 ; CI = 36.5. The chloride 
was prepared from various salts, but was in all cases finally 
heated in an atmosphere of HCl. Dumas points out, 
however, that this process does not remove oxide if present. 
(Anml de Ghim. et de Pht/s., (3,) 55, 1859, 129.) 



MANGANESE. 



[ Regnault has determined the specific heat of manganese. 
I corresponds to an atomic weight of about 55. {Gmelin- 

J. J. Bekzelios: 56.93 (0=16); 355.787 (0 = 
100). 

I By dissolving manganese in nitric acid, evaporating and 
iating to a low red, Berzelius found 100 Mn = 142.16 
oxide. It was not known at the time that the oxide might 
be partially reduced by this process, [Poggend. Ann., 8, 
1826, 186; and Jahresbericht, 9, 136.) 

^J. A. Aufvedson: 58M (0 = 16); 851.56 (0 = 
100). 
Trom 1.508 chloride Arfvedson obtained 3.408 argentic 
chloride. If Ag = 1351.607; 01 = 221.325; the number 
follows. [Berzdius' Jahresbericht, 9, 1829, 136 ; Afhandl i. 
Fyaik., 8, 236.) 



80 ATOMIC WEIGHT DBTERHIKATIONS. 

E. Turner : 5^.9 (O = 16). 

Turner analyzed the carbonate in an apparatus similar to 
Bunsen's. He found 34.72 per cent, carbon di-oxide and 
8.427 water. For C = 6, he calculates Mn = 28.024. By 
dissolving the protoxide in sulphuric acid, evaporating and 
heating to redness, he found 9 oxide = 19.01 sulphate. If 
8 = 16, this gives Mn = 27.96. A second experiment gave 
27.93. From 12.47 Mn chloride he obtained 28.42 argentic 
chloride. [If CI = 35.5, Ag = 108 ; this gives Mn = 54.9.] 
The carbonate was obtained by precipitation with potassium 
carbonate. The protoxide was obtained by reduction of 
higher oxides in hydrogen. The chloride was melted in a 
current of HCl gas. pEdinb. Trans., 11, 1831, 143.) 

J. J. Berzelius : 55.5^ (0 = 16) ; 345.9 (O = 100). 

Berzelius repeated Turner's experiments, taking larger 
quantities. From the chloride he got from 845.84 to .96 ; 
from the sulphate from 346.03 to .29. Ag = 1351.607 ; CI 
= 221.325 ; 8 = 201.165. [Berzelius' Jahresbericht, 9, 1830, 
136.) 

J. J. Berzelius: 66.U (O = 16); 344.684 (0 = 100). 

In his Lehrbuch he apparently takes the analyses of the 
chloride above clicd, recalculated for CI = 221.64; Ag^ = 
1349.66. {Lehrbuch, 3, 1224.) 

R Brandes : 57.06 (O = 16) ; 356.602 (0 = 100). 

Determined by analysis of crystallized chloride. The 
chlorine was determined by precipitation with silver. The 
Mn was precipitated as carbonate, and converted into oxide 
by heat. The water was determined by difference, and the 
composition of the oxide was assumed to be as given by 
Berzelius, (!) whose values for Ag and CI were also taken. 
{Poggend. Ann., 22, 1831, 256.) 

K. VON Hauer : 54.98 (O = 16) ; 343.632 (O = 100). 

Determined by nine experiments on the reduction of the 
sulphate to sulphide by heating the salt in a current of 
hydrogen sulphide. The reduction was performed in a 
porcelain tube enclosed in a charcoal fire. ITumber, mean ; 
extreme difference, 0.34, for O = 16. The sulphate was 
prepared from a pyrolusite containing only silica, iron, and 
barium. It was reduced to protoxide, dissolved in sulphu- 
ric acid, oxidized with nitric acid, precipitated with oxalic 
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lid, converted into reil oxide, diseolved iii chlorbydric acid 
,nd alcohol, precipitated with ammonium carbonate, dis- 
lolved in sulphuric acid, repeatedly heated to redueas and 
recryetallizod, and was dried at 300°. Accurate expei-i- 
inents on the reduction of the red oxide proved impractica- 
ble ou account of the hydroecopicity of the compound. 
Two experiments on the oxidation of the protoxide, under- 
taken aa a check on the other method, gave 27.486 and 
27.527 for = 8; S = 16. (Erdmann's Joam. fiir Prak. 
Chem., 72, 1857, 361; Sitz.-Bericht tier k. k. Akad.,'libl .) 

J. Dumas : 54.96 (0 = 16). 

Determined by thu decomposition of the chloride with 
argentic nitrate. The number is the mean of five experi- 
ments; extreme difi'erence, 0.1 for 0^16. CI =^35.5; 
Ag = 108. Dumas had previously made experiments on 
the reduction of the byperoxide to protoxide by hydrogen. 
These gave the atomic weight at from 25.99 to 26.09 for 
0^8. Dumas believes that a part of the oxide was re- 
duced to metal. The peroxide was prepared from nitrate 
of the protoxide. [Amml. de Ckim. ct de Pki/s., (3,) 55, 1859, 
150.) 

— Rawack: 64.02 (0 = 16). 

Determined, in Schneider's laboratory, by reducing a 
known weight of red oxide to protoxide in a current of 
dry hydrogen, and weighing the water formed. The num- 
ber ia derived from the mean of six selected experiments. 
'The extreme diflbrence 13 0.22 for = 16. {Poggend. Ann., 
:07, 1859, 607.) 

R.Schneider: 54.038 (0 = 16). 
The mean result of four analyses of the oxalate by the 
ordinary method of organic analysis. Extreme difference, 
0.04 for ^ 16. = 12. The oxalate was prepared from 
chemically pure sulphate by precipitation with sodium car- 
bonate, digestion with oxalic acid, and drying over sulphu- 
ric acid. {Poggend. Ann., 107, 1859, 613.) 



MERCURY. 



The specific heat of mercury in the aoJid state, as observed 
by Regnault, and the vapor density, as determined by Dumas, 
correspond to an atomic weight of slightly above 200. 
{Gmelin-Kraut, I. c; L. Meyer, X. c) 
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FouRCROY AND Thenard, Davy, Wollaston : S00.8 
(0 = 16) ; 1255 (0 = 100). 

Fourcroy and Thenard found 8 = 100 Hg. Davy found 
80 = 880 Hff, giving Hg = 1266. The latter also found 
184 CI = 380 Hg, which for 01 = 441, gives Hg=1254. 
{Phil Trans., 101,,, 1814, 21.) 

N. G. Sbfstrobm: 202.53 (0 = 16); 1265.822 (O = 
100). 

Determined by three analyses of the oxide according to 
which 100 Hg = 7.89, 7.9, and 7.97 0. {Berzelius' Lehr- 
buck, 5, 1215.) 

E. Turner : W0.72 (0 = 16). 

Turner made a number of determinations of this atomic 
weight but regarded the value he adopted, 202, only as 
an approximation. From the oxide, prepared from nitrate, 
he got 200.77 and 199.97. The compound was decomposed 
by heat, and the products carried over silver and gold in a 
narrow tube. Four experiments were made on mercuric 
chloride which was decomposed by pure calcic oxide, and 
the CI precipitated with argentic nitrate. [These analyses 
recalculated for the Stas' atomic weights of Ag and CI 
give 202.079, 201.701, 201.815.] Turner also made two 
experiments on the reduction of the chloride with stan- 
nous chloride, the Hg being collected, dried and weighed. 
FThese experiments recalculated give 199.423 and 199.289.] 
The mercuric chloride was purified by recrystallization. 
Weighings reduced to vacuum. {Phil. Trans., 1Z3, 1833, 
535.) 

Erdmann and Marchand : WO.H (0 = 16) ; 1250.6 
(0 = 100). 

Determined from the mean of four experiments on the 
reduction of the oxide in a current of carbon di-oxide. 
Copper, carbon (from sugar) oxide, and carbon, were intro- 
duced in successive layers in a combustion tube. Dry car- 
bon di-oxide was passed through and the mercuric oxide 
heated. The metal w^as collected in a receiver to which a 
tube filled with gold foil was appended. The metal was 
perfectly clean. Moisture was removed by a stream of dry 
air after distillation. The oxide was purified by heating it 
to incipient decomposition the metallic fumes being removed 
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hy a current of dry air. It was tested before being analysed. 
The extreme difference in the resultB was 0,8 for = 100. 
All weighings in tweuo. {£rdmann's Journ.fUr Prak. Chem,, 
SJ, 1844, 392.) 

E. Millon: 199.9^ {0 = 16); 1249.63 (0 = 100). 
Millon made two experiments by beating mercuric chlo- 
ride with calcic oxide in a current of hydrogen and con- 
densing the metal. The experiments gave 73.87 and 73.82 
per cent, mercury. If CI = 442.64, the value follows. The 
chloride was dissolved in ether and sublimed. It was per- 
fectly soluble in ether and alcohol, and was well crystallized. 
{Paris Comples Bend., SO, 1845, 1291.) 

L. Svanberq: SOO (0 = 16); 1250 (0 = 100). 
Svanberg made three experiments by the same method 
employed l)y Millou. The mean result was 1248.47; ex- 
treme difference, 0,94; but Svanberg shows that there was 
probably loss, and that the larger the quantity of chloride 
employed the higher the result. He regards Erdraann and 
Marchand'e result as most probable, but in need of con- 
firmation. 01=443.28. (M-dmann's Jowm. fur Prak. 
Chem., 45, 1843, 468 ; Kongl Vet. Akad. HandX., 1845, 185.) 



MOLYBDENUM. 

Begnault determined the specific beat of molybdenum. 
It answers to an atomic weight of about 96. {Gmelin-Kraul, 
Lc.) 

J. J. Bbrzelids: 95.S8 (0 = 16); 596.1 (0 = 100). 

One hundred parts of anhydrous plumbic nitrate, dia- 

Holved and precipitated with neutral ammonium molybdate, 

five 110.68 parts plumbic molybdate. If Pb = 1294.646, 
^87.53, the value tbllows. I3erzelius expresses himself 
dissatisfied with the accuracy of the determination. (Pog- 
gend. Ami., S, 1826, 23; and Lehrbuch, 3, 1208.)' 

Stakberq and Stbute: 92.13 (0 = 16); 575.829 
(O =.= 100). 

After trying various methods without getting accordant 
results, these chemists made ten experiments on the sul- 
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phide by roasting it first in a current of moist, and then of 
dry air. Three experiments were excluded as imperfect. 
The remainder gave a mean of 89.7523 molybdic acid from 
lOP sulphide ; extreme diflTerence, 0.22. The value follows 
for 8 = 200. Objections have been made (Liebig's Ann.y 
68, 211) that the difference in weight between the acid and 
the sulphate is too small for the purpose of the determina- 
tion, and that the different analyses give very different 
atomic weights. The sulphide wa^ prepared by melting 
together molybdic acid, sulphur, and caustic potash, ana 
leaching the product with water and chlorhydric acid. The 
sulphide was dried in a current of hydrogen. The molyb- 
dic acid was dissolved in ammonia to prove the absence of 
sulphide. {Erdmann^s Joum.fiir Prak. Chem.^ 44y 1848, 315.) 

K J. Berlin : 91.96 (0 = 16) ; 574.75 (O = 100). 

Determined by four analyses of the double mono-sesqui- 
molybdate of ammonium by heating gently with nitric acid . 
in a platinum crucible until only molybdic acid was left. 
Extreme difference, 3.32 for = 100 ; N = 175 ; H = 12.5. 
The preparation of the salt is not given. {Erdmann^sJourn. 
fur Prak. Chem., 49, 1850, 446.) 

J. Dumas : 96 (O = 16). 

Dumas made five experiments on the reduction of molyb- 
dic acid (prepared from the natural sulphide) by means of 
hydrogen. The reduction was begun at a low temperature 
in a glass tube, and completed in an unglazed porcelain tube 
in a reverberatory furnace, where it w^as kept till several 
hours heating produced no further alteration in weight. 
The molybdenum did not assume a metallic appearance. 
The number is the mean ; extreme difference, 0.8 for O = 
16. {Annal. de Chim. et de Phys., (3,) 65, 1859, 142.) 

M. Delafontaine : 9^ {0 = 16) ; 575 (0 = 100). 

This chemist made many experimeiits in various ways 
without being able to reach constant results, and only re- 
marks that his experiments indicate Svanberg and Struve's 
value as thre best. {ErdmanrCs Joum.filr Prak. Chem.y 9Sf 
1865, 137; Bibl. Univ., Arch, des Sciences, 23, 1865.) 

H. Debray : 95.94 (O = 16). 

Debray made three experiments on the reduction of 
molybdic acid. The acid was first converted into the red 
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oxide in platinum, and at a iow temperature, and the sniall 
portion of the acid volatilized during this operation was 
caught and determined. The reduction was completed in 
a porcelain tube at a white heat, Debray gives his results 
nt 48.03; 48.04; and 47.84. [The analytical data, recalcu- 
lated, give 95.30; 95.55; 95.73; perhaps on account of 
misprinti'. Reduction to vacuum would still further reduce 
the numbers.] The acid was purified by sublimation in 
platinum, conversion into ammonium salt, and regeneration 
by heat. In two experiments ammoniacal solution of molyb- 
dic acid was evaporated in the dark with excess of argentic 
nitrate, the argentic molybdate dissolved out and the excess 
of silver determined. Debray found 5.510 acid = 7.657 
silver, and 7.236 acid := 10.847 silver. Hence he calculates 
M = 48 and 47.98. [A little calculation shows that the 
first data are misprinted. They should read 5.11 acid = 
7.657 silver. The corrected data give for Ag = 107.93 ; M 
= 96.06 and 95.99. The mean of the recalculated analyses 
is 95.73.] (Paris Comptes Mend., 66, 1868, 732.) 

L. Metes: 96 JO (O = 16). 
Calculated from three analyses of the dichloride, two 
analyses of the tetrachloride, and two analyses of the pen- 
tachloride, made by Leichte and Kempe in Meyer's labora- 
tory. The dichloride was analyzed by heating in a current 
of hydrogen sulphide, and subsequently in a current of 
hydrogen. Molybdenum disulpbide ia the residue. The 
flCI formed was caught in ammonium hydrate and precipi- 
tated by argentic nitrate, after the hydrogen sulphide bad 
been driven off by boiling in a flask provided with a con- 
'densing drip-tube. The tetra and pentachloride were 
decomposed with nitric acid, excess of ammonium hydrate 
was added, and molybdenum trisulphidc precipitated with 
ammonium sulphide. A weighed portion of the dry pre- 
cipitate was converted into diaulphide by heating in a cur- 
rent of hydrogen. The chlorine of the higher chlorides 
was determined in the filtrate after precipitation of the 
triaulphide. By comparing the amount of chloride analyzed 
with the amount of argentic chloride obtained, Meyer finds 
in mean M = 95.92 ; extreme difference, 1,87 for = 15.96. 
By comparing the amount of disulpbide with that of argen- 
tic chloride, M = 95.75 ; extreme difference, 1.35. By com- 
paring the amount of chloride analyzed with the amount of 
uisulphide obtained for one analysis of tetrachloride and 
two analyses of pentachloride, he gets M = 95.94 ; extreme 
difference, 2.15. The general mean is M ^ 95.86; extreme 
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difference, 2.15. Ag = 107.66; 8 = 81.98; 01 = 36.87; 
O = 15.96. The specific gravities of the chlorides not hav- 
ing been determined, the weighings are not reduced to 
vacuum. The pentachloride was prepared from M by heat- 
ing it in a current of 01 entirely free from air. The metal 
had been freed from oxide by heating in an atmosphere of 
HOI. By moderate heating of the pentachloride in dry H, 
and by distilling pentachloride over the product in dry 
carbon di-oxide, the trichloride is obtained. The trichlo- 
ride heated in carbon di-oxide is decomposed into tetrachlo- 
ride and di-chloride, which latter must be purified with 
warm dilute nitric acid. {Liebig^s Ann.y 169 y 1874, 360^ 
844.) 



NIOKEL. 



Regnault has determined the specific heat of nickel. It 
corresponds to an atomic weight of about 59. {GmeUn- 
Krauty L c.) 

E. Rothoff: 59.09 (0 = 16); 369.333 (0 = 100). 

Rothoff converted 188 parts of oxide into chloride, a 
neutral solution of which gave 718.2 parts argentic chlo- 
ride. If 01 = 221.64, Ag= 1349.66, the value follows. 
{Berzelius' Lehrbuchy 5, 1221.) 

P. Berthier. 

Lassaigne having announced the atomic weight of nickel 
at 500, {Schweigger^s Jahrbuch, P, 108,) Berthier re-ex- 
amined the subject and found Rothoff's number confirmed. 
{Berzelius* Jahresberichtj 5, 1825, 148 ; AnnaL de Chim. et de 
Phys., SB, 1824, 148.) 

Erdmann and Marchand : 68.Z ( = 16); 366.9 (O 
= 100). 

Determined " with all precaution " by the reduction of 
the oxide with hydrogen. The results varied from 29.1 to 
29.3, but Erdmann has reason to believe the smaller number 
the more accurate. {Mrdmann's Joum, fiir Prak. Chem.y 
65, 1852, 202.) 



H, Saintk-Clairb Devillb : 
100 parts fused nickel, uoDtaiuing three-tenths per cent, 
eilicon ami .one-tenth per cent, copper, gave 262 parts anhy- 
drous, yellow nickel sulphate, " corresponding to the atomic 
weight as given by Berzelins." (AnnaL de Chim. et tic Ph^s., 
(S,) 46, 1856, 182.) 

R. Schneider: 58.05(0 = 16); 362.8(0=100). 

Determined from four analyses of the oxalate. The car- 
bon determinations were made by the ordinary method of 
organic analysis, because some hydrocarbon forms when 
the salt is decomposed by heat alone. The metal was de- 
termined by heating a known weight of the salt first in air 
and then in a current of ojcygen, and subsequent reduction 
by hydrogen. In the preparation of the salt the usual pre- 
cipitate with ammonium sulphide was washed with dilute 
ehlorhydrie acid, and the cobalt separated with barium car- 
bonate and chlorine. From the nickel salt obtained the 
oxalate was precipitated with oxalic acid. The number is 
the mean of four analyses; extreme difference, 0.082 for O 
= 8. {Poggend. Ann. 101, 1857, 396.) 

C. Marignac : 59 (0 = 16). 

Marignac made two analyses of the sulphate by decom- 
posing the salt by heat. The deconipoi-ition is perfect. To 
avoid errors arising from possible reduction of a portion of 
the oxide, it was moistened with nitric acid, and recalcined 
at a moderate temperature. The results obtained were Ni 
P= 29.2 and 29.5. The sulphate was purified by recrystalli- 
zation. He also made experiments on the chloride by titra- 
tion with argentic nitrate, according to Pelouze's modifica- 
tion of Gay-Luesac'a method. Three such analyses gave 
from 29.4 to 29,5. In one experiment be also evaporated 
the nickel nitrate, after filtering off the argentic chloride, 
ftnd converted it into oxide by beat. This experiment gave 
Ni = 29.64. The chloride, whether it he distilled or cal- 
cined with ammonium chloride, is apt to leave an insoluble 
residue the weight of which must be deducted. S = 16; 
Ag = 108 ; CI = 35.5. [Bibl. Univ. Arch, des Sciences, (2,) 
J, 1858, 375.) 

J. Ddm.48: 59.028 (0 = 16). 
The number is the mean result of five experiments on 
the titration of the chloride with argentic nitrate ; ex- 
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treme diflTerence 0.08. Ag = 108 ; 01 = 35.5. In three 
cases the nickel chloride was prepared by dissolving fused 
nickel in aquia regia, repeated evaporation to dryness with 
HCl, and heating for from twelve to twenty-four hours in a 
current of HCl gas. In two cases it was produced by pass- 
ing a current of chlorine over spongy nickel. The chloride 
analyzed was crystalline and volatile without residue. 
{Annal. de Chim. et de Phys., (3,) 56, 1859, 149.) 

R. Schneider : 58.058 (O = 16). 

In consequence of Marignac's criticism (that as nickel 
oxalate is insoluble it cannot be purified by recrystalliza- 
tion) Schneider repeated his former determination, making 
special tests for oxalic acid, sodium, and chlorine, with the 
above result. {Poggend. Ann., 107, 1859, 616.) 

W. J. Russell : 68.738 (0 = 16 ). 

Determined from the mean of thirteen experiments on 
the reduction of the oxide in hvdrogen. Extreme differ- 
ence, 0.12 for O = 16. The oxicfe was prepared from three 
specimens of commercial nickel, which were first converted 
into pure oxalate and then into nitrate. The oxide was 
obtained by decomposing the nitrate by a very strong heat. 
{Joum. Chem. Soc, (2,) 1, 1863, 61.) 

Schneider remarks that a portion of the oxide analyzed 
may have been reduced during the process of decomposing 
the nitrate. {Poggend. Ann., ISO, 1867, 310.) Marignac 
points out the same danger. {Bibl. Univ., Arch, des Sciences, 
(2,) 1, 374.) 

E. VON SoMMARUGA : 58.026 (O =16). 

Determined from the amount of barium sulphate obtained 
by precipitating the double sulphate of nickel and potassium 
with barium chloride. The number is the mean of six 
experiments; extreme difference, 0.168 for = 8, S = 16 ; 
Ba [no doubt] = 68.5 ; K = 89.2. The salt was prepared 
by solution of commercial nickel in sulphuric and nitric 
acid, adding potassic sulphate to the solution, and repeatedly 
recrystallizmg the double sulphate. {Erdmann^s Joum. fiir 
Prak. Chem., 100, 1867, 115 ; Sitz.-Ber. derk. k. Akad., 1866.) 

0. Winkler : 59.05 (O = 16). 

Determined by the amount of gold precipitated from a 
solution of neutral crystallized potassium chloro-aurate by 
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a known weight of nickel. Tho number is tbe mean of 
four experimt'nta; extreme difference, 0,186 for 0=^16, 
Aa = 196. Tbe iiickel was prepared as follows : commer- 
cial nickel carbonate was dissolved in eblorhydric acid, 
cobalt was repeatedly precipitated witb sodium hypochlo- 
rite, copper, etc., were removed witb hydrogen sulphide, 
the nickel was precipitated with sodium carbonate, the pre- 
cipitate dissolved in eblorhydric acid, tbe chloride sublimed 
aad reduced in a current of hydrogen. [Fre^enius' Zcitsch., 
e, 1867, 22.) 

W. J. Russell : 58.76 (0 = 16). 
Determined by tbe amount of hydrogen aet free by solu- 
tion of nickel in eblorhydric acid. The nickel was that 
obtained in Kusaelt's former determination of the atomic 
weight of nickel. {Ckem. News, SO, 1869, 20.) 

R. H. Lee; 58.01 (0 = 16). 
Determined by analyses of nickel cyanide salts. They 
were decomposed in a platinum crucible by heat from above. 
The carbon separated out was burned on' first in air and 
then in oxygen. The metallic oxide was reduced in a cur- 
rent of hydrogen. The mean of six experiments on the 
Btrychnine salt gave Ni = 58.04. The mean of six experi- 
ments on the brucine salt gave Ni = 57.98. The salts were 
purified by recrystallization. {Berlin. Bericht drr Chem. 
Ges., 4, 1871, 790.) 



The vapor density of the chloride and of the oxychloride, 
ss determined by Deviile and Troost, places the atomic 
weight at about 94. {Paris Comples Bend., 66, 1863, 891.) 

H. Rose : JSS (O = 16). 
Rose deduced the atomic weight of niobium from analy- 
I Bee of what he supposed to he the tetrachloride, determin- 
I ing the niobium as niobic acid, and the chlorine as argentic 
chloride. The reeults, which varied greatly, indicated the 
I value 97.64. [Marignac having proved that the salt is a 
' peutachloride, this number becomes 122.] Marignac showed 
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that Rose dealt with a compound containing a large amount 
of the corresponding tantalium chloride. {Foggend. Ann.y 
104, 1858, 489.) 

Rose ; Rammelsberq : 94 (O = 16). 

Rose analysed the oxychloride, but did not recognize it 
as an oxychloride. Rammelsberg calculated the atomic 
weight from Rose's figures and found that the highest chlo- 
rine contents corresponds to an atomic weight of 94. 
Rose's salt must have been nearly pure as there is no cor- 
responding tantalium compound. (Poggend. Ann.j lS6y 
1869, 363.) 

R. Hermann : 104.8 (O = 16). 

Hermann deduces this value from analyses of a number 
of chlorides and sodium salts. The formulas which he 
gives these compounds are complicated, unlikely, and un- 
supported by evidence. Marignac has shown that Her- 
mann's salts contained tantalium. {Erdmarm^s Joum. fur 
Prak, Chem.y 68, 1856, 73.) 

0. W. Blomstrand: 95 (0= 16). 

Blomstrand made three determinations of the chlorine 
contents of the pentachloride, getting 64.712 per cent., ex- 
treme diflference, 0.32. He also made eleven determina- 
tions of the niobium in the same compound, weighing it as 
niobic acid. 100 chloride gave in mean 49.794 acid. The 
atomic weight calculated from the chlorine contents is 
96.67; from the niobic acid, 96.16. Blomstrand also made 
experiments on sodium niobate which led him to the con- 
clusion that the most probable number is 95. {Q-meUa" 
Kraut y j?, part 2, 78 ; Acta Univ. lMnd.y 1864.) 

C. Marignac : 94 (O = 16). 

Determined from a number of analyses of potassium 
fluoniobate containing two atoms of potassium. The com- 
pound was decomposed by sulphuric acid with which it 
was evaporated to dryness. The residue was leached with 
water, the filtrate evaporated and the potassic sulphate 
melted and weighed. . The sulphuric acid remaining with 
the niobic acid was driven off by heat and the acid weighed. 
The salt being readily soluble and crystallizing well, can 
easily be purified from all substances except titanium which 
Marignac knows no way of separating or determining. 
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The larger the amount of titantum present, the lower will 
the atomic weight be ; Marignac therefore takes the highest 
value. {Litbig's Ann., S. 4, 334, 288, 338; Bibl. l/mv.. 
Arch, des Sciences, 23, 1866, S5, 1866.) 



Regnault ba9 determined the specific gravity of nitrogcD. 
It indicatea an atomic weight slightly above 14. (G/netin- 
Krattt, I. c.) 

BiOT and Arago ; Wollaston : J4..0S (0 = 16); 
87.7 (0 = 100). 

Biot and Arago found the specific gravities of N and H 
0.96913 and 0.07321. If H = 13.27 the value follows. 
[This very accurate value is of course the result of two 
compensating errors,] {Phil. Trans., 10^, 1814, 20.) 

J. J. BeRZBLiDs; 1^163 (0 = 16); 88.618 (0 =100). 

Calculated from the specific gravity as determined by 
Berzelius and Dulong, compared with that of oxygen. By 
decomposing the nitrate of lead by heat, Berzelius also 
found N =88.61 for Pb = 1294.498. [Poggmd. Ann., 8, 
1826, 14.) 

E. Tdenbr; 14.15 (0 = 16). 

Determined by experiments on the nitrates of lead, silver, 
and barium, which were precipitated with sulphuric and 
hydrochloric acids, and gave respectively N = 14.201 ; 
14.09; 14.17; if Pb = 103.6; Ba = 68.7; 01^35.42; 8 
= 16.08.5; the weighings being reduced to vacuum. The 
Baits were purified by recrystallization. Turner recom- 
mends more direct methods. {Phil. Trans., ISS, 1833, 687.) 

T. Thomson : H {0 = 16). 

From the hyTothesis that air is a compound containing 
four parts of N and one part oxygen, and from the average 
of various selected determinations of the specific gravity of 
oxygen, Thomson concludes the specific gravity of oxygen 
18 1.1111, and that of N 0.9722. These numbers stand 
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ence, 0.063; Hence N = 87.655. The weigliinga are re- 
duced to vacuum. {Bmelius' JahresOcricht, 24, 1842, 44; 
BM. Univ. de Gmh'e, 46, 1842, 363.) 

T. Anderson : J3.95 (O = 16); 87.204 (0 = 100). 

Determined by four experiments on the decompoaitioD 
of plumbic nitrate hy hrat at a sufficiently low temperature 
to permit of complete decomposition. The number is the 
mean; extreme difterenoe, 0.198 for 0=^100. Pb = 
1294.5. {Amial. de Ckim. el de Pkj/s., (3,) 5, 1843, 254.) 

J. Pelouze: U.OU (O = 16); 87.59 (O = 100). 

A known weight of argentic nitrate was brought in con- 
tact with a known and sTiglitly exccBsive weight of ammo- 
nium chloride and the excess titrated with silver solution. 
One experiment gave K = 175.58 ; a second gave N = 
174.78. Ag = 1349.01; CI =443.2. The ammonium 
chloride was purified bv snbliraation and recrystallization. 
{Paris Camples Mend., 20, 1845, 1047.) 

P. EiNBRODT I li\G = 16); 87.5 (0 = 100). 

Experiraenta on the decomposition of plumbic nitrate by 
heat gave N ^ 87.5 plus a vanishing quantity if Pb ■=. 
1294.2239. [Leibig's Ann., 70, 1849, 286.) 

J. Ddmab : 14 (O = 16). 

Determined by experiments on the corabuBtion of ammo- 
nia and cyanogen. Particulars not given. 0^6; H ^ 1, 
[Anncd. de Chim. et de PAj/s., (3,) 65, 1859, 134.) 

J. S. Sta8 : 14.044 (0 = 16). 
Sta8 made seven determinations of the relation between 
silver and its nitrate by diBBolving pure silver in nitric acid, 
evaporating to dryness and keeping the salt melted until 
there was no further loss of weight. In two of these experi- 
ments the salt was melted in vacuo. The mean result was 
that 100 Ag = 157.472 nitrate ; whence N = li.0.'fO. Later 
Staa made two more experiments by the same method with 
all possible precautions to secure accuracy. These gave 100 
Ag= 157.484 nitrate and N = 14.042. By the couversion 
of the chlorides of potassium, sodium, lithium and silver 
into nitrates, Stas found the difference between a chloride 
and a nitrate 26.6882. This gives N = 14.045. The weigh- 



94 ATOMIC WEIGHT DETERMINATIONS. 

ings are reduced to vacuum. CI = 35.457 ; Ag = 107.98. 
(StaSy Unters. iiber Chem. Prop. Leipzig^ 1867.) 



OSMIUM. 



Regnault has determined the specific heat of osmium. It 
corresponds to an atomic weight of about 199. {GhneUn- 
Kraut y L c) 

J. J. Berzblius : 199.04 (0 = 16). 

Berzelius analyzed potassium chloroosmate by reduction 
in a current of hydrogen and solution of the potassium 
chloride from the residue. 1.3165 grammes of the double 
salt lost 0.3805 -in reduction and the residue was composed 
of 0.401 potassium chloride and 0.535 osmium. The atomic 
weight may be calculated either from the chlorine lost or 
from the relation of the chloride to the metal in the residue. 
Berzelius preferred the latter as more probably accurate. 
[If K = 39.137 ; 01 = 35.457 (Stas ;) this relation gives 
199.04.] According to W. M. Watts, (Ohem. News, 19, 
302) the loss of chlorine gives for Stas's values Os = 199.42. 
Hyperosmic acid was separated from iridium compounds by 
distilling at a gentle heat. The first portion is perfectly 
pure. The metal was precipitated from chlorhydric acid 
solution of hyperosmic acid by mercurv and subsequently 
purified by heating in a current of hydrogen. Potassium 
chloro-osmate was formed by heating comminuted metal 
and KCl in a current of chlorine. {Poggend. Ann., IS, 1828, 
580 ; Kongl. Vet. Acad. Handl, 1828.) 

E. Fremy : 199.66 (O = 16) ; 1247.8 (O = 100). 

Pure osmium was burned in a current of oxygen and 
the fumes led over potassic hydrate, by which tney are 
absorbed. An additional potash tube did not increase in 
weight. Oorks were avoided. Number of experiments not 

Siven. {Erdmann^s Joum. fur Prak. Chem., SS, 1844, 409 ; 
ourn. de Pharm. et Chim., 1844, 241.) 

Deville and Debrat : 198 (0 = 16). 

These chemists determined the vapor density of hyper- 
osmic acid by Dumas' method, finding it 8.89 at 246°, 
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and 8.87 at 286°. They hence coDsider it probable that 
the atomic weight of osmium is the same as that of plati- 
num. The acid was very pure and waa prepared by the 
combustion of metallic osmium in oxygen. {^Paris, Compies 
Hend., U, 1857, 1101.) 



The atomic weight of oxygen is assumed at 16 for the 
reasons stated under hydrogen, q. v. If hydrogen is taken 
ae unity, O = 15.96. 



PALLADIUM. 

Regnault determined the specific heat of palladium. It 
corresponds to an atomic weight of about 106. {Gmelin- 
Kraut, I. c.) 

J. J. BBEZBLres ; 106.S1 (.0 = 16). 

lu hia earliest determinations of this constant, Bcrzeliue 
saturated the metal with sulphur, getting about 711 for 9 
^201.165; and decomposed the chloride with mercury, 
getting 704. [711 appears to be a misprint for 714.618 the 
number given with corresponding data at Poggend,, 8, 180.] 
In this investigation a known weight of potassium chloro- 
palladate was reduced in a current of hydrogen, the weight 
of the residue determined, the potassium chloride leached 
from the residue and the metallic palladium weighed. The 
double salt was strongly heated, hut not to fusion, in a current 
of dry air before weighing. It being impossible to desiccate 
this and the similar platinum-metal salts completely with- 
out decomposition, the atomic weight was calculated from the 
relation between the metal and the KCl. Berzelius found 
0.576 Pd = 0.809 KCl, and 0.851 Pd = 1.192 KCl. [If KCl 
= 74.594 (Stas) the former gives Pd = 106.036, the latter 
106.509.] Berzelius had reason to consider the latter analy- 
sis the more accurate, {Poggend. Ann., IS, 1828, 464 ; KongL 
Vet. Acad. Handl, 1828.) 
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PHOSPHORUS. 

The specific heat of this element, as well as the density 
of phosphorus and its numerous volatile compounds in the 
gaseous state, corresponds to an atomic weight slightly 
above 31. {Gmelin-Kraut, L c.) 

V. Rose ; F. H. Wollaston : 36.1 (0 = 16). 

WoUaston adopted the analysis of Rose, who found that 
phosphoric anhydride contained 53.28 per cent, oxygen and 
46.72 per cent, phosphorus. [This relation gives the above 
value.] {Phil. Trans., 104, 1814, 20.) 

J. J. Berzblius : 31.3^6 (0 = 16). 

Berzelius made experiments on the reduction of auric 
chloride and of argentic sulphate by phosphorus. His re- 
sults were 0.8115 P = 13.98 Ag; 0.829 P = 8.714 Au; 
0.754 P = 7.93 Au. [The first of these analyses is misprinted 
in the original memoir (Gilbert's Ann., 63, 433).] In the 
Lehrbvjch it is miscalculated as Ruecker has shown. Ber- 
zelius preferred deducing the atomic weight of P from that 
of silver, because the atomic weight of the latter was more 
accurately known than that of gold. [If Ag = 107.93, the 
data give P = 31.325, for Au = 196.67 the latter analyses 
give r = 31.176 and 31.165/] lii all the experiments the 
precipitated metal was boilea with the solution when the 
reduction was nearly complete. A trace of gold was 
observed to precipitate after the experiments were over. 
The silver was heated to redness before weighing. [J. P. 
Cooke, Jr., has shown (atomic weight of antimony) that 
silver is volatile at a red heat. Berzelius must therefore 
have ffot too large a result.] The phosphorus was distilled, 
melted in a fflass tube and cooled very slowly, to permit 
traces of oxides to rise to the surface, and the lower portion 
of the tube with the phosphorus broken off and instantly 
weighed. {GUberfs Ann., 63, 1816, 433, and LehrbuchSy 
1188.) 

J. Pblouze : 3S.0U (0 = 16) ; 200.15 (0 = 100). 

A known weight of argentic nitrate was brought in con- 
tact with a known and slightly excessive weight of phos- 
phorous chloride and the excess titrated. The number of 
experiments is not given. Ag = 1349.01 ; 01 := 443.2. 
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The terchloride was prepared by chloridizing finely divided 
Pwith dry chlorine, adding finely divided P, decanting, 
agitation with tin amalgam and rectification over the same. 
The fluid was colorless and did not give any precipitate 
with water. {Paris, Comptes Bend., SO, 1845, 1047.) 

V. A. Jacquelin : S9.83 (0 = 16) ; 186.438 (0 = 
100). 

Determined by experiments on the chlorides of phos- 
phorus with argentic nitrate and plumbic oxide. The re- 
sults are utterly discordant. {Paris, Comptes Rend,, S3, 
1851, 693.) 

A. ScHROETTER : 31.0274 (0 = 16). 

Determined by burning perfectly pure amorphous phos- 
phorus in dry oxygen and weighing the phosphoric anhy- 
dride. The number is the mean of 10 experiments ; 
extreme diftercnce, 0.1242. Previous to burning, the phos- 
phorus was heated for a long time in carbon di-oxidc or 
hydrogen. It was burned not in powder but in lumps. 
(krdmann^s Joiirn. fur Prak. Cheni,, 53, 1851, 435; Siiz.- 
Bericht der k. k. Akad., 1851.) 

B. C. Brodie: 31.31 (0 = 16). 

Three experiments made by oxidation of phosphorus 
with aqua regia and determination as magnesium pyrophos- 
phate gave this mean. Brodie seems to regard these deter- 
minations only as evidence that the atomic weight needs 
redetermination. {Joum. Chem. Soc, 6, 1852, 295.) 

J. Dumas : 31.03 (0 = 16). 

Determined by five experiments on the titration of the 
terchloride with argentic nitrate. The chloride was pre- 
pared by the action of dry chlorine on amorphous phos- 
Ehorus and distillation after the chlorine had been displaced 
y carbon di-oxide. The portion distilling between 76° 
and 78® only was used. The number is the mean of the 
results; extreme difterence, 0.08. Ag = 108; 01 = 35.5. 
[Annal de Chine, et de Phys., (3,) 65, 1859, 172.) 
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PLATINUM. 

Hegnault and Kopp have determined the specific heat of 
platinum. It answers to an atomic weight of about 197. 
{Gmelin-Kraut-, l. c.) 

J. J. Berzelius : 197.19 (0 = 16). 

Determined by the same method as osmium, q. v., from 
a single experiment on potassium auroplatinate. 2.135 
potassium chloride accompanied 2.822 platinum. [If KCl 
= 74.594 (Stas,) this gives the above value.] The salt was 
prepared by precipitating an alcoholic solution of platinum 
chloride with potassium chloride, washing with alcohol and 
heating to redness in a current of chlorine. Berzelius re- 
marks that the metal used in his former determinations 
was impure. {Poggend. Ann,^ 13^ 1828, 468, and Lehrbuchy 
S, 1213.) 

T. Andrews : 197.88 (0 = 16). 

Determined by three experiments on potassium chlo- 
roplatinate. The salt was dried at 105° in vacuo, decom- 
posed by zinc, the excess of zinc removed by acetic acid, 
the solution filtered off, and the chlorine titrated. The 
number is the mean ; extreme difference, 0.22. The values 
assumed for Ag and CI are not given. They were most 
likely Marignac's. {Brit. Assoc. Sep., 1852, part 2, 38.) 

J. S. Stas made preparations for determining the atomic 
weight of platinum, but not being able to produce potas 
sium chloroplatinate entirely free from water, and being 
unacquainted with Bunsen's method of accomplishing this 
end, resigned the attempt. He made, indeed, three analy- 
ses by the same method employed by Berzelius, but un- 
fortunately does not communicate the results. (Sfaw, Unter- 
such, ilber Chem. Prop., Leipzig, 1867, 265.) 



POTASSIUM. 



Regnault determined the specific heat of potassium. It 
corresponds to an atomic weight of about 39. {GmeUn'- 
Kraut y I. c.) 



M. H, Elaproth 
16). 
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F. H. W0LLA8TON : 39.517 (0 = 



Klaproth found that 441 CI = 691 potftasiuin oxide. 
Hence WoUaeton deduced the value 491 (0 = 100) for 
pf CI = 86.457, this relation gives K = 39.517.] (Phil. 
\ Trana., 10^, 1814, 20.) 



J. J. Beezelids : 
100). 



9.19$ (0 = IG) ; 244.958 (0 ^ 



I 
I 



Berzelius found that 100 KCI = 192.4 Ag CI. If Ag = 
1351.607 ; CI = 442.65 ; the above value follows. {Poggend. 

■nn., 5, 1826. 190.) 

F. Penny: 39.073 (0 = 16). 

Penny made six experiments on the conversion of the 
chlorate into the chloride. Potasaic chlorate was dried at 
About lOS", dissolved in a flask with HCl, evaporated, dried 
and weighed. The cake contained some free HCl. It was 
broken up, pulverized, and a known quantity heated to dull 
redueBB but not to fusion, and the HC! e,\pelled allowed for. 
The mean result was that 100 KC! Oj = 60.823 KCI ; ex- 
treme dift'erence, 0.015. This relation gives KCI = 74.527 
and if CI = 35.454 (Penny,) the value for K follows. 
Numerous experiments were also made on the introconver- 
eion of the nitrate, the chloride and the chlorate, which 
established the difference between a chloride and a nitrate, 
besides confirming the value of K. The salts were purified 
by recrystallization and were carefully tested for impurities. 
The weighings are all for vacuum. [Phil. Tt-atis., 1S9, 1839, 
18.) 

C. Marignac : 39.S {0 = 16) ; 245 (0 = 100). 

By six experiments on the decomposition of the chlorate 
ty heat, 100 chlorate were found to lose 39.161 oxygen; 
extreme difterence 0.012; honce KCI = 932.14, By com- 
paring this value with the molecular weight and the compo- 
sition of argentic chloride, CI was calculated at 442.13, leav- 
ing for K the number 490. Confirmatory experiments were 
made on potassic perchloride. The chlorate was purified by 
recry&tailization. The weighings are for vacuum. {X/iebig's 
Ann., U, 1842, 28.) 
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C. Marignac: 55.ii5 (0 = 16); 244.47 (0 = 100). 

Having determined the atomic weight of chlorine from 
syntheses of argentic chloride, and found it 443.2, the 
molecular weight of KGl in the last determination, gives 
K = 244.47, for vacuum. Berzelius, by rejecting some 
analyses and the correction for vacuum, deduces the value 
244.429. {Berzelius' Jahresbericht, 25, 18*45, 31 ; BibL TJnw. 
de Genhe, 46, 1842, 350.) 

J. Pelouze : 39JU (0 = 16) ; 244.65 (0 = 100). 

A known weight of KCl was brought into contact with a 
known amount of silver dissolved in nitric acid, the chlo- 
ride being slightly in excess. This excess was titrated with 
a decimal solution of silver. The number is the mean of 
three experiments. Ag = 1349.01; 01 = 443.2. Thechlo- 
ride was prepared by heating the chlorate and recrystalliz- 
ing the residue. (Paris Comptes Bend., SO, 1845, 1047.) 

According to Pelouze, Levol found the molecular weight 
of KCl 466.245, which combined with Marignac's value of 
CI would give K = 244.645 or 39.143. {Ibid.) 

E. J. Maumene : 38.96 (0 = 16) ; 243.502 (O = 
100.) 

The mean of three experiments on the decomposition of 
KCl with an excess of argentic nitrate showed that 100 
KCl = 192.75 AgCl. If Ag = 1350.32 and CI = 443.67, 
according to Maumen6's determinations, the number fol- 
lows. The KCl was prepared from the chlorate by beat. 
To confirm his values for K and CI, he made seven experi- 
ments on the decomposition of the chlorate by heat, and 
found that 100 chlorate gave 60.791 chloride. An unac- 
counted for increase in the weight of the flask occurred in 
these experiments. {Aimal. de Chim. et de Phys., (3,) 18y 
1846, 41.) 

J. S. Stas : 39.137 (0 = 16). 

According to the mean of seven determinations, 100 
parts of KCl dissolved in nitric acid, and evaporated to 
dryness give 135.6423 parts of nitrate ; extreme difference, 
0.017. If CI = 35.457; N = 14.044; the value follows. 
This value is confirmed by previous experiments which 
gave 39.130. Potassic chloride, by whatever means it is 
prepared, still retains silica. Stas, therefore, determined 
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ihe amount of silica in the KCl and allowed for it. Weigh- 
ings for vacuum, {Slas, Untersitck. uber Chem. Prop., 
Lefpzig, 1867.) 
Stas mentions that Dumas, who was the first to place K 
39, afterwards became convinced that this number was 
too \qv. [Ibid, page 318.) 



I 



Regnault has determined the specitic heat of rhodium. 
It eorrespoude to an atomic weight of about 104. ( QmeUn- 

Zraut, L c.) 

.J. J. Bebzelius : JO4..S {0 =16 ). 

BerzeliuB made two analyses of dipotassit; chlororhodiate. 
This salt can be completely desiccated in a current of chlo- 
rine at a red heat without decomposition. 3.146 grammes 
gave on reduction in a current of hydrogen 0.930 CI, and 
the residue contained 1.304 KCl and 0.912 metallic rhodium. 
[If KCi = 74.594, CI = 35.457, (Stas,) the atomic weight of 
the salt calculated from the CI contents is 359.831, and that of 
Rh 104.272. The relation between the Rh and the CI gives 
Rh =104.31 2. The relation between the KCl and the Rh 
gives Rh = 104.340. The mean is 104.308.] Eerzelius 
made a second analysis of the crystallized salt in which he 
determined the water of crystallization. [Under the same 
Buppositions and in the same order, the resulting values for 
Rhare 106.279; 104.762; 103.708.1 In the Lehrbuch only 
the former analysis is used to deduce the atomic weight. 
Rhodium was separated from other metals by its insolu- 
bility in aqua regia. The double salt was formed by heat- 
ing finely pulverized Rh in mixture with KCl in a current 
of chlorine. The double salt was dissolved in water, pre- 
cipitated with alcohol, washed with alcohol and dried, 
{Poggend Am., IS, 1828, 437; Kongl Veteris. Akad. Handl., 
1828.) 

In hie earlier determination (Rh = 750.68 for = 100) 
Berzelius raiatook an hydrated oxide for a chloride. [Ibid.) 
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RUBIDIUM. 

Kopp determined the specific heat of rubidium chloride. 
It corresponds to an atomic weight of about 85. {GmeUn- 
Krauty L e.) 

KiRCHHOFF and Bunsen : 85.36 (O = 16). 

Determined from the mean of four experiments on the 
precipitation of the chloride with argentic nitrate. The 
extreme difterence was 0.24. Ag = 107.94 ; CI = 35.46. 
An impure mixture of rubidium and potassium chlorides, 
nearly free from lithium and the earths, was partially pre- 
cipitated with platinum chloride and the precipitate freed 
from KOI by repeated boiling with water. The residue 
was reduced in a current of hydrogen, the rubidium chlo- 
ride extracted with water, and reprecipitated with platinum 
chloride. This process was repeated until the potassium 
lines in the spectrum disappeared. The rubidium was then 
converted into a mixture of carbonate and oxide, and the 
caesium separated by extraction with alcohol. The amount 
of silver precipitated was also tested from time to time and 
the purification continued till this became constant. {Pog- 
gend. Ann., 118, 1861, 339.) 

J. PiccARD ; 85.41 (0 = 16). 

Determined by four analyses of rubidium chloride with 
argentic nitrate. The number is the mean ; extreme differ- 
ence, 0.09. .The separation of potassium from rubidium 
was effected for the different analyses by 6, 7, and 8 succes- 
sive partial precipitations with platinum chloride, and the 
separation of caesium by thirty successive extractions of 
the anhydrous carbonates with warm absolute alcohol. The 
salt analysed was spectroscopically pure. Ag = 107.94 ; 
CI = 35.46. The experiments were made with Bunsen's 
assistance. {Erdmann's Joum, filr Prak. Chem., 86, 1862, 
449.) 

L. Qrandeau, who is sometimes credited with making a 
determination of Rb, expressly disclaims doing so. He 
mentions Bunsen's value as the true atomic weight and says 
that his analyses of the sulphate, undertaken to test its 

Eurity, led him to adopt the number 85.4; apparently for 
revity's sake. {Annal. de Chim, et de Phys., (3,) 67, 1863, 
227.) 
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R. QoDBPFROY : 85.476 (0 = 16). 

Determined by four analyses of rubidium chloride prepared 
and analysed exactly as Godeffroy determined caesium, q. v.; 
extreme difference, 0.04. CI = 35.5 ; Ag = 108. {Liebig's 
Ann., 181, 1877, 189.) 



RUTHENIUM. 



Bunsen has determined the specific heat of ruthenium. 
It corresponds to an atomic weight of about 104. {GmeUn- 
Kraut, L c.) 

C. E. Claus : 10^.67 (O = 16). 

Determined from three analyses of potassium chlororuthe- 
niate by the same method Berzelius had employed for other 
platinum metals. Claus found an average of 28.783 per 
cent. Ru ; extreme difference 0.48, and 41.063 KCl ; ex- 
treme difference, 0.51. [If K = 39.137, CI = 35.457; this 
composition gives Ru = 104.57. The weighings as given 
in the memoir are misprinted.] Claus also determined 
the chlorine with silver; the results were such as to show 
that the salt was not anhydrous, though it had been dried 
at 200° in an atmosphere of CI. The salt was prepared by 
the evaporation of a solution of ruthenium and potassic 
hydrate in aqua regia, solution of other chlorides of Ru in 
dilute HCl, and removal of basic compounds by mechanical 
concentration in water. Claus later takes the atomic 
weight of Ru = 104. In this memoir he puts it at 651.387 
(0 = 100,) 104.^^ (0 = 16,) without mentioning the values 
of K and CI. {Poggend. Aim., 65, 1845, 218.) 



SELENIUM. 



Regnault determined the specific heat of selenium, which 
accords with an atomic weight of about 79. {OTnelin-Kraut^ 
I c.) 
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J. J. Berzelius : 79£S (O = 16). 

Berzelius found that 100 Se absorb 179 dry chlorine gas, 
and that the product was exactly decomposed by water into 
chlorhydric acid and selenious acid. [If CI = 35.457 (Stas) 
the value follows.] (PoggemL Ann,^ 8, 1826, 21.) 

F. Sacc : 78.63 (0 = 16) ; 490.93 (0 = 100). 

Sacc's experiments are very discordant. He made three 
experiments on the reduction of a known weight of sele- 
nious acid with ammonium bisulphite and chlorhydric acid. 
The mean result was Se = 490.38 ; extreme difference, 5.5. 
In four experiments barium seleniate was decomposed by 
heating to redness with sulphuric acid in excess. The salt 
was found to contain 41.95 selenious acid ; extreme differ- 
ence 0.04. For Ba == 856.877 the resulting value is 491.49. 
The selenium was purified by solution in nitric acid, evap- 
oration and sublimation, and by reduction with HCl and 
ammonium bisulphite. Selenious acid was prepared by 
oxidation with nitric acid. Barium seleniate was prepared 
by precipitation of barium nitrate with sodium seleniate and 
heating to redness. Sacc regards 490.3 as the most prob- 
able value of Se. {Ayinal. de Chim. etde Phys.y (3,) Sl^ 1851, 
119.) 

A. SCHROETTER : 78.6 (0 = 16). 

Details not given. (Kopp^s Jahresberichty 4^, 1851, 318; 
Siiz.-Berichi der k. k. Acad,, 6, 1851, 214.) 

Erdmann and Marchand : 78.6 (O = 16) ; 492.5 
(0 = 100). 

Determined from experiments on mercuric selenide by 
the same methods employed for the determination of 8, 
q. V. Three experiments gave 71.726, 71.731, 71.741, per 
cent, mercury. {JSrdmann^s Jouni. fur Prak. Chem.y 66 y 
1852, 202.) 

J. Dumas : 76.46 (0 = 16). 

Determined by seven experiments on the chloridation of 
selenium. The chloride was condensed in a tube cooled to 
— 20°, after w^hich the escaping gases were led through 
other tubes filled with asbestos. The extreme difference 
in the results was 0.46. CI = 35.5. {AnnaL de Chim, et de 
• Phys., (3,) 66y 1859, 129.) 



O. Pbttbrsson and G. Ekman : 79.08 (0 = 16). 

Determined b^ five analyses of aeleuious acid. A warm 
solution of tbe aciti was acidified with chlorhjdric acid, 
precipitated witb sulpharous acid and the selenium collected 
on a glass filter. Many precautions are necessary in the 
precipitation and drying. The value is the mean ; extreme 
diftcrence, 0.04. {lierlin, Bcrkht der Chem. (resell., SylS^S, 
1212; in exiemo in the Acta of the Scientific Soc, of Upsala.) 



SILICON. 



The vexed fiuestiou of the composition of silicic acid has 
been settled by II. P. Weber, who found that tbe specific 
beat of this element becomes nearly constant above 200° 
and that the atomic heat is 5.8 for Si = 2r ' " 
Ann., 154, 1875, 675.) 

J. J. BEHZBLica : 29.GS (0 = 16) ; 185.19 (O = 100). 

100 parts of silicon, which bad been heated to redness, 
and freed from silicic acid by hydrofluoric acid, gave 208 
parts silicic acid, whence the value. Berzelius also made 
analyses of barium fluosilicide from which he calculated 
tbe oxygen contents of the acid at 51.975. This gives for 
the atomic weight of Si 29.58. {Poggend. Ann., 8, 1826, 20 ; 
and Lehrbuch, S, 1200.) 

J. Pelocze : S8.46 (0 = 16 ) ; 177.88 (0 = 100). 

A known weight of perfectly pure silver, dissolved in 
nitric acid, was brought in contact with a known and slightly 
excessive weight of silicon tetrachloride and the excess 
titrated with decimal silver solution. The value is derived 
from tbe mean of two experiments; difference 0.76 for 
= 100 ; CI = 443.2, Ag = 1349.01. The chloride was pre- 
pared by Ehelmen ; it was perfectly transparent, volatilized 
without residue, and had been dried for a long timo in a 
vacuum. (Paris, Ompks Bend., W, 1845, 1047.) 

J. DcMAS: 28.02(0 = 16). 

Determined from the mean of two experiments on the 
tetrachloride which was weighed off in a glass bulb and 
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introduced, so enclosed, into a vessel containing water. 
The bulb was broken and the chlorine contents titrated with 
argentic nitrate. The difference between the experiments 
was 0.2 for O = 16, Ag = 108, CI = 35.5. The chloride 
was repeatedly rectified; its boiling point was 59°. {AnnaL 
de Chim. et de Phys., (3,) 66, 1859, 129.) 

J. ScHiBL : 28.01 (0 = 16). 

Determined by two analyses of the tetrachloride. The 
salt was decomposed with a slight excess of ammonium 
hydrate and the chlorine titrated with argentic nitrate. 
The atomic weights of CI and Ag used are not stated. 
Schiel found 0.6738 silicic chloride = 2.277 argentic chlo- 
ride, and 1.3092 silicic chloride = 4.418 argentic chloride. 
[For Ag = 107.93, CI = 35.457, these data give • Si = 
28.13, and 27.89.] {Liebig's Ann., 120, 1861, 94.) 



SILVER. 



Dulong and Petit, Regnault and others have determined 
the specific heat of silver and found it in accord with an 
atomic weight of about 108. {Gmelin- Kraut, I. c.) 

Marcet; Davy; Wenzel; Wollaston. 

WoUaston in his table of equivalents mentions that Marcet 
found 441 CI = 1350 silver, and Davy the same quantity of 
chlorine = 1360 silver. Wenzel found 200 sulphur = 1360 
silver. {Phil Trans., 104, 1814, 21.) 

J. J. Berzelius: 108.129 (0 = 16); 675.804 (O = 
100). 

Berzelius found that 100 silver gave 132.75 argentic chlo- 
ride. Taking CI = 221.325 he calculates Ag = 1351.607. 
He expresses uncertainty whether or no this value should 
not be reduced to one half. {Poggend. Ann., 8, 1826, 180.) 

E. Turner : 108 (0 = 16). 

Turner determined the composition of argentic chloride 
at 100 silver to 132.8 chloride. These numbers are for 



vacuum. If CI = 
. Trans., ISS, 1838, 



36.42 (Turner) the value follows. [Phil 



F. Penny : 107.97 (0 = 10). 

Penny made six experimente on the conversion of silver 
linto nitrate. The silver was diasolved in cold nitric acid, 
Ithe solution evaporated, and the nitrate fused all iu one 
■flask and with precautions against lose by spiriting. He 
Ifound 100 Ag = 157.441 nitrate ; extreme difference, 0.028. 
pin five experiments the nitrate from the preceding determi- 
nations was converted into ebluride, by means of chlorby- 
dric acid, in the same flask, dried, fused, and weighed. 
Penny could detect no decomposition in fusion. • He found 
100 Ag = 132.8372 chloride; extreme difterence, 0.01. In 
two experiments silver was dissolved in nitric acid, precipi- 
tated with ehlorhydric acid, evaporated and fused, giving 
182.830 and 132.838. The mean of all seven experiments 
is 1S2.836. Penny takes 132.837. From the relations of 
the chlorides, chlorates, and nitrates of potassium and 
aodium, Penny had determined the difterence between the 
atomic weights of a chloride and a nitrate at 26.565. This 
gives the molecular weight of argentic chloride at 143.424 
and Ag= 107.97. The silver need, as well as the water 
and the acids, were carefully tested for impurities and a 
minute amount of solid residue in the twice distilled water 
and in the acids was allowed for. The weighings were all 
reduced to vacuum. (Flnl. Ti-ans., 1S9, 1839, 27.) 

C. Mabignac : lOS (0 = 16) ; 675 (0 = 100). 

Silver was dissolved in nitric acid and precipitated with 

Eohlorhydric acid. One experiment, reduced to vacuum, 

I gave 100 silver = 132.74 chloride, which Marigiiac consid- 

I ered confirmatory of Berzelius' value, 132.76. He therefore 

I adopted the latter number. 100 potassic chloride were 

[ found to produce 192.26 argentic chloride, in two experi- 

I meute, the difterence between which was 0.01. By analysis, 

I by means of heat, of potassic chlorate, Marignac liad found 

ibe molecular weight of the chloride 932.14, these relations 

l^ve the molecular weight of argentic chloride at 1792.13 

Fand the atomic weight of silver at 1350. The potassic 

chloride was prepared by heating the chlorate and cooling 

the resulting chloride over sulphuric acid. {Liebig's Ann., 

U, 1842, 23.) 
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C. Marignac : 107.922 (O = 16); 674.505 (O = 100). 

Marignac redetermined the relation between silver and 
potassic chloride by Pelouze's method. He found 100 Ag 
= 69.062 KCl in six experiments, the extreme difference 
between which was 0.018. In five experiments he found 
100 KCl = 192.348 Ag; extreme difference 0.04. He also 
redetermined the composition of argentic chloride. The 
silver was dissolved in a long-necked flask and the fumes 
passed into a second flask containing water. Solution being 
effected, the water from the second flask was added to the 
contents of the first, and the whole precipitated with HCl. 
The chloride was washed, dried, melted and weighed in the 
same flask. The result was 100 Ag = 132.84 chloride ; 
extreme difterence 0.019. Combination of these data with 
Marignac's old value for the molecular weight of KCl, 
932.14, gives Ag = 1349.01. All weighings reduced to 
vacuum. Berzelius revised the result by throwing out one 
experiment and by rejecting the correction for vacuum. 
He thus got Ag = 1349.66. {Berzelius' Jahresberichtj S^y 
58; 25, 31 ; Bibl Univ. de Genhe, Ifi, 1842, 350.) 

In opposition to Front's hypothesis, Marignac cites his 
analyses of argentic acetate, in which the escaping gases 
were forced to pass over porous silver. They gave in three 
experiments 64.664 silver from 100 acetate; extreme dif- 
ference 0.005. If C = 75, this gives Ag = 1349.6. He 
also found 100 Ag = 157.455 nitrate. [If N = 87.5, this 
gives Ag = 1348.88.] He also found 100 Ag = 49.556 
ammonium chloride. {Liebig's Ann., 69, 284 ; BibL Univ. 
de Genhe, 1846.) 

LiEBiG and Eedtenbachbr ; Streokbr : 107. 90S (0 
= 16) ; 674.395 (O = 100). 

Strecker recalculated Liebig and Redtenbacher's analyses 
of argentic acetate, tartrate, raceraate and malate by the 
method of least squares, and from the difference in the 
atomic composition of these salts. He obtained for Ag the 
value 1348.79. Vide Carbon. {Liebig's Ann., 69, 1846, 280.) 

E. J. Maumen^: 108.026 (0 = 16); 675.16 (O = 
100). 

In four experiments argentic oxalate was mixed with sand 
in a flask and decomposed by heat in a current of air. The 
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products of decomposition were paased over cupric oxide, 
iBid through drying tubes and potash tubes. In five experi- 
ments the ucetate was treated in the same way, but not 
"lixed with sand. The mean result was Ag = 1350.32; 
•extreme dift'erenee 0.77- Maumene found it very difficult 
to purify the oxalate, which showed traces of" nitric acid 
after 100 washings. {Annal. de Ckim. ei de Phys., (3,) 18, 
1846i 41.) 



J. S. Sta6 : 107.93 (0 = 16). 

Thirteen cyutlieaes of argentic iodide, performed by 
bringing hydroiodic acid in contact with argentic sulphate 
or nitrate, gavo 100 Ag=^ 117.5343 iodine. Three analyses 
of ftrgeutic iodate, performed hy decomposition by beat in 
a corr«iit of nitrogen or by reduction of the salt, while in 
suspension, by a current of sulphurous anhydride, gave 
Agl = 234.779. Hence Ag = 107.928. Four syntheses of 
the bromide, performed by bringing hydrobromic acid in 
contact with argentic sulphate, gave 100 Ag= 74.0805 Br. 
Two analyses of argentic bromate, by reduction while in 
.snapcnsion with sulphurous anhydride, gave AgBr = 
187.87. Hence, Ag = 107.921. Seven syntheses of argen- 
Ic chloride, three of them by combustion of silver in cblo- 
ine, three by precipitation with HOI, and one by precipita- 
'tion with ammonium chloride, gave 100 Ag ^ 32.8445 CI. 
Btaa adopts the number 32.85 on the supposition that no 
excesB of chlorine was possible. Tbe chloride was fused. 
Two analyses of the chlorate, accomplished by heat or by 
evaporation with chlorliydric ueid, gave Ag CI = 143.395. 
Hence Ag^ 107.937. Five syntheses of the sulphide, per- 
formed by heating silver in a current of sulphur vnpor, or 
of hydrogen sulphide, gave 100 Ag = 114.8522 argentic 
enlphido. Six analyses of the sulphate by reduction in a 
current of hydrogen, showed that 100 sulphate contained 
"9.203 silver, hence Ag =107.920, [107.926? vide Sulphur.] 
'rom analysis of potassium chlorate. Stas had determined 
he molecular weight of KCl at 74,59. By twenty-four 
ieterminations be found 100 Ag= 60.103 KCl, hence 
Ag=! 107.943. The silver was prepared either by Level's 
method or by decomposing an ammoniacal solution of 
argentic nitrate with a mixture of ammonium sulphite and 
a copper salt. The metal was heated to the boiling point 
until the sodium line disappeared and the metallic fumes 
were a pale blue. To test its purity, it was compared with 
distilled silver. See Bias's determinations of CI, Br, I, S, 
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and K. All weighings reduced to vacuum. {Sias^ Unter- 
such, iiber C/iem. Prop.y Leipzig, 1867.) 



SODroM. 



The specific heat of sodium has been determined by Reg- 
nault and indicates an atomic weight of about 28. (Gmelin" 
Kraut, L c) 

H. Davy ; F. H. Wollaston : 23.^8 (0 = 16) ; 145.5 

(O = 100). 

Davj' found that 134 CI combine with 88 Na to form 
sodium chloride. If CI = 441, the value follows. {PhiL 
Trans., 10^, 1814, 20.) 

J. J. Berzblius : ^3.16i (0 = 16). 

Berzelius found that 100 Na CI = 244.6 Ag CI. [If Ag 
CI = 143.387, (Stas,) the value follows.] {Poggend. Ann., 8, 
1826, 189.) 

F. Penny : 23.046 (0 = 16). 

Penny made four experiments on the conversion of the 
chlorate into the chloride by means of HCl. A known 
weight of the salt was dissolved in a flask in the acid and 
evaporated, dried and weighed without removal. The 
sodium chloride was not fused. The mean- result was that 
100 chlorate equals 54.930 chloride; extreme difference, 0.02. 
This relation gives the molecular weight of the chloride at 
58.5. Penny had found the atomic weight of CI = 35.454; 
hence the value for Na. [If CI = 35.457 (Stas,) Na = 
23.043. Stas himself found 23.043.] The sodium chlorate 
was prepared by precipitating potassium chlorate with 
sodium bitartrate, and purifying the sodium chlorate by 
recrystallizatiou. The weighings are for vacuum. {PhU. 
Trans., 129, 1839, 25.) 

J. Pelouze : 22.97 (0 = 16); 143.59 (0 =100). 

A known weight of perfectly pure silver was dissolved 
in nitric acid, and brought in contact with a known and 
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slightly excessive weight of sodium chloride, and the excess 
titrated with decimal silver solution. The mean result of 
three experiments was that 100 Ag = 51.141 Na CI; ex- 
treme difference, 0.033. The value follows for Ag = 
1849.01 ; CI = 443.2. The sodium chloride was prepared 
either from sodium sulphate and barium chloride, or from 
sodium carbonate and chlorhydric acid, or from a very pure 
rock salt. It was repeatedly recrystallized and was dried 
at 200° or melted. {Paris Comptes Bend., 20, 1845, 1047.) 

J. Dumas : 23.011 (0 = 16). 

Determined from the mean of seven experiments on the 
titration of sodium chloride with argentic nitrate ; extreme 
difference, 0.09. Ag = 108 ; CI = 35.5 [Dumas gives the 
mean as 23.014 instead of 23.0114.] For five experiments 
Na CI recrystallized ten times and melted was employed. 
For two experiments (giving an average of 23.036) the 
residue from the incineration of the acetate was used to 
prepare Na CI, which was recrystallized four times and 
melted. {Annal. de Chim. et de Phys,, (3,) 65, 1859, 129.) 

J. S. Stas : 23.043 (O = 16). 

According to the mean of 10 determinations 100 Ag = 
64.2078 Na CI; extreme difference 0.0033. The sodium 
chloride was found to contain a minute quantity of silicic 
acid w^hich reduces the result from Na = 23.049 to 23.045 
for Ag = 107.93 ; CI = 35.457. According to the mean of 
five determinations 100 Na CI = 145.4526 sodium nitrate ; 
extreme difference 0.025. If N = 14.044 this gives Na = 
23.045. The lowest determination gives Na = 23.042. The 
sodium chloride was purified by recrystallization and in part 
by conversion into sodium chloroplatinate. The weighings 
are for vacuum. {Stas, Untersuch. iiber Chem. Prop., Leip- 
zig, 1867.) 



STRONTIUM. 



Regnault determined the specific heat of strontium chlo- 
ride. It corresponds to an atomic weight of about 87.5. 
(Gmelin-Kraut, L c.) 
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M. H. Klaproth ; F. H. Wollaston : 9^4, (0 = 16); 
590 (0 = 100). 

Klaproth found 42 sulphuric anhydride = 58 strontium 
oxide; whence the value for 8 = 200. {Phil. Trans. ^ lO^y 
1814, 20.) 

F. Stromeyer; 87.84 (O = 16); 545.929 (0 = 100). 

According to Berzelius, Stromeyer found that 100 stron- 
tium chloride = 181.25 argentic chloride; whence the value, 
for Ag = 1349.66; CI = 221.64. {Berzelius' Lehrbuch, 3^ 
1229.) In Gilheres Ann., 5^, 1816, 251, Stromeyer refers to 
this analysis as by V. Rose. Stromeyer himself found 0.5 
grm. carbonate = 75.5394 c. c. carbon di-oxide [which 
gives Sr = 88.26 if 1000 c. c. carbon di-oxide weigh 
1.96433 grm.] Stromeyer calculated Sr = 552.28 for O = 
100. 

— . Salvetat : 88 (0 = 16) ; 550 (O = 100). 

Determined from the loss of weight of strontium carbo- 
nate by calcination and on driving oft* carbon di-oxide with 
sulphuric acid. Details not given. {Paris Comptes Rend., 
17, 1843, 318.) 

J. Pelouze : 87.68 (0 = 16) ; 548.02 (0 = 100). 

A known weight of perfectly pure silver was brought in 
contact with a known and slightly excessive amount of 
strontium chloride and the excess titrated with decimal 
silver solution. The number is the mean of two experi- 
ments; extreme difference, 0.2. Ag=: 1349.01; Cl = 
443.2. The chloride was purified by recrystallization and 
was dried at 200° or below redness. {Paris Comptes Rend., 
W, 1047.) 

C. Marignao : 87.54 (0 = 16). 

Marignac made experiments on three different prepara- 
tions of strontium chloride, (1,) (2,) (3.) Compared with 
silver by Pelouze's method it was found that ten grammes 
strontium chloride = (1) 8.103; (2)8.099; (3j 8.101 silver. 
The same strontium chloride converted into sulphate gave 
(1) 6.887 ; (2) 6.8855 ; (3) 6.884 sulphate. In both these 
series of experiments the strontium was weighed as air- 
dried, hydrous, crystalline chloride. Comparison gives Sr 
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= {1)43,79; (2)43.82; (3)43.77. In each experiment of 

the latter Beriea the water was determined by driving it off 

at a red heat. It was proved that the chloride does not 

undergo deconiposilion at this temperature, and tlie water 

. conteuts was found to varj no more than 0.0005 of the 

Llotal weight. In three more experiments the water was 

^determined, and the anhydrous salt analysed by Pelonze'a 

f method giving (1) 43.77 ; (2) 43.74 ; (3) 43.76. Ag = 108 ; 

CI = 35.5; 8 = 16. The chloride waa prepared (1) from 

the chemically pure chloride of commerce hy precipitating 

barium with sulphuric acid, separation of lime by preeipi- 

■ tation of the strontium chloride by HCl gas and washing 

kivitb chlorhydric acid. The purity was tested by the solu- 

Pbility of a portion converted into sulpbate. The chloride 

Twaa finally redissolved and precipitated with alcohol. (2) 

was prepared from (Ij by a repetition of the same process. 

(3) was prepared from (2) by recrystalHzation. {Bibt. Univ., 

Arch, dra Sciences, (2,) 1, 1858, 220.) 

L J. Dumas : 87.62 {0 = 16). 

P Determined I'rora the mean of six experiments on the 
analyeis of strontium chloride with argentic nitrate. The 
extreme difference was 0.14, 01=; 35.5; Ag ^ 108. The 
Bait was purified hy boiling with sulphuric acid, and pre- 
cipitation with and recry stall ization from chlorhydric acid, 

L These processes were in some cases several times repeated. 

I The pure salt was fused in a current of HCl gas. {Annal. 

V4e Chirn. et de Ph>/s., (3,) 65, 1859, 129.) 



SULPHUR. 



Deville and Trooat and others have determined the den- 
Ittty of sulphur in the gaseous form. It corresponds to an 
utomic weight of about 32. The specitic heat of sulphur 
nlso agrees moderately well with this value. [Gmelin-Kraut, 
wi c. ; L. Meyer, t. c.) 

J. J. Bekzelius: F. II. Wollaston ; SS (0 = 16); 
200 (0= 100). 
According to Wollaston, Berzelius found that plumbic 
Bolpbide was composed of 86.64 lead and 13.36 S. Hence 
the value, for lead = 1295. {Phil Trans., JO4, 1814, 20.) 
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J. J. Berzelius : 3^.19 (O = 16) 201.165 (O = 100). 

A known weight of lead was disbOived in pure nitric acid, 
precipitated with sulphuric acid and evaporated. The meaD 
result of four experiments was that 100 Pb = 146.44 sul- 
phate. The variation was only in the fifth figure. If lead 
= 1294.498 the value follows. [If this relation is recalcula- 
ted with Stas's atomic weight of lead, S = 32,096.] {Poggmd, 
Ann. 8, 1826, 16.) 

E. Turner : 32.17 (0 = 16). 

Determined from syntheses of plumbic and baric sul- 
phates. The former gave 16.083, the latter, 16.087. Ba-= 
68.7, Pb = 103.6. The numbers are for vacuum. Vide 
Barium and Lead. {Phil. Trans., 123, 1833, 539.) 

T. Thomson : 32 {O = 16) ; 200 (O = 100). 

This chemist found the specific gravity of sulphurous 
acid in mean of two experiments, 2.22216, almost exactly 
double 1.1111 which he takes (on utterly untenable grounds) 
for the specific gravity of oxygen. (Jbrdmann^s Joum. fur 
Prak. Ch€m.j <9, 1836, 370; Becords of General Science by JR. 
D. Thomson, 1836, 179.) 

Erdmann and Marohand : 32.004 (O = 16) ; 200.026 
(O = 100). 

Determined by four experiments on the decomposition of 
mercuric sulphide by copper, in a current of carbon di- 
oxide, the mercury being caught in a cold receiver. The 
mean composition was found to be for vacuum 86.211 mer- 
cury and 13.789 sulphur, extreme difference, 0.017 Hg. If 
Ilg = 1250.6, the value follows. In purifying the sulphide 
it was first heated to drive off excess of sulphur and then 
sublimed three times, the first and last portions of the sub- 
limate being rejected. {Erdmann's Joum. fur Prak. Chem., 
31, 1844, 396.) 

J. J. Berzelius : 32.12 (O = 16) ; 200.75 (O = 100). 

Berzelius' former value, 201.165, is changed by the new 
value for lead, 1294.645 to 200.8017. Three new experi- 
ments were made by gently heating argentic chloride in a 
current of hydrogen disulphide. The mean of three ex- 
periments gives S = 200.706; extreme difference 0.11. CI 
= 443.38, Ag = 1349.66. {Berzelius' Jahresbericht, 25, 1845, 
37, and Lehrhuch, 3, 1185.) 



H. Strcve: 3-2.002 (0 = 16V 

Determined liy six experiments ou the reduction of a 
known weight of argentic sulphate in a current of hydro* 
gon. The number is the mean ; extreme dittereace, 0.146. 
Ag = 108. The sulphate was prepared by precipitatiug 
the nitrate with an excess of sulphuric acid, and drying at 
a high temperature. {Liebig's Ann., SO, 185i, 20Z; Berze- 
^ius' Jahnsbericht, 30, 20.) 



J. DuMA9 : 32.0196 (0 = IG). 



^V Determined by five experiments on the combustion of 
^^HlTcr in sulphur vapor. The number is tbo mean ; ex- 
^^eine difference, 0.054. Ag^I08. The sulphur waa 
puritied by repeated distillation. The silver was heated to 
redness in a current of sulphur vapor, the excess of sulphur 
being afterwards distilled off in a current of carbon di-oxide. 
iAnnai. de Chim.. et de Phys., (3,) 66, 1859, 147.) 



J. S. Stas : 32.0742 [?] {0 = 16). 



^V According to the mean of six analyses of argentic sol- 

^ftbate by decomposition in a current of hydrogen at as low 

^K temperature as possible, 100 sulphate yield G9.203 [more 

^'^xactly 69.20317] silver; extreme difference, 0.012. Five 

syntheses of the sulphide, performed by heating silver in a 

current of sulphur vapor or hydrogen disulphide, showed 

that 100 silver = 114.8522 sulphide; extreme difference, 

K005. By comparing these figures, which are for vacuum, 
:as deduces 8 = 32.0742; Ag = 107.920. [There seems 
be a trifling error in this calculation. The weit;hings 
seem to be correct, for the means correspond to the de- 
tails given. As given, the numbers indicate 8=^32.058; 
Ag= 107.926. The latter is almost identical with Stas's 
mean value, 107.930.] The sulphate was prepared by the 
tction of sulphuric acid on argentic nitrate, or by solution 
if silver in sulphuric acid. The salt was heated above the 
(oiling point of sulphuric acid. {Stas, Onters. Uber Cheat. 
" p., iMpzig, 1367.) 
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TANTALIUM. 

Deville and Troost have determined the vapor density of 
tantalium chloride. It agrees with an atomic weight of 
182. {Paris Comptes Bend., 64, 1867, 294.) 

J. J. Berzelius : 167.74 (0 = 16). 

Berzelius decomposed the sulphide in dry chlorine gas 
and decomposed the resulting chloride with water. 99.75 
parts sulphide yielded 89.35 tantalic acid. On the suppo- 
sition that the acid contains three atoms of oxygen Berze- 
lius calculates the atomic weight at 1148.365 for S = 200.75. 
pf the acid contains five atoms of oxygen the value becomes 
167.74.] {Poggend. Ann., ^, 1825, 14, and Lehrbucky 5, 
1209.) 

Rose denies that the sulphide formed, as Berzelius pre- 
pared it, by heating tantalium in carbon disulphide vapor 
IS a constant compound. (Poggend. Ann., 99, 580.) Marig- 
nac, however, shows that Berzelius, Rose and Hermann, 
obtained constant results from its analysis, from 89.50 to 
90 acid from 100 sulphide. If Ta = 182, the sulphide 
would give 90.24 acid. {Liebig's Ann., S, 4, 1866, 358.) 

H. Rose : 17^ (O = 16). 

Out of twelve analyses of the chloride, in which both 
the chlorine and the tantalic acid were determined. Rose 
selected two in which the agreement was best. [These 
analyses calculated for Ag = 107.93, CI = 35.457, give Ta 
= 171.96.] The chloride was prepared from tantalic acid 
especially freed from tungsten and tin by mixing with car- 
bon, drymg in carbon di-oxide, and heating in a current of 
chlorine in which the salt was allowed to cool. Excess of 
chlorine was expelled by dry air, and the salt was hermeti- 
cally sealed in glass. Rose supposed the acid to contain 
two atoms of oxygen and therefore deduces the value 859.81 
(O = 100). {Poggend. Ann., 99, 1856, 75.) 

Marignac seems to prove that the material with which 
Rose dealt contained niobium. He states that the chlorides 
of the two elements cannot be separated from one another, 
and that there are no characteristics by which their purity 
can be decided. {Liebig's Ann., S, 4y 1866, 352.) 
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ili 



R. Hermann : 



I 
I 



HermaDD made many analyses of taotalium salte to 
■which, however, he aLcribea quite incomprehensible for- 
mulas. Marignac has shown that hie methods were utterly 
inadequate to produce pure preparations. He assumes two 
atoms of tantaliuru and three atoms of oxygen in the acid 
and gives the atomic weight as 645. (0 = 100.) (jE'rd- 
mann's Jouni. fur Prak. Chem., 70, 1857, 193.) 

C. Mabionac : 182 (0 = 16). 

Berzelius', Koae's and Marignac's analyses of the double 
^uoride of tantalium and potassium show that the fluorine 
is combined with Ta and potassium in proportions of two 
to live. The salt has also exactly the crystal form of the 
oiobium salt. Hence tbe acid is a ditantalic pentoxide. 
Pour experiments were made on this salt by drying at 
100", moistening with sulphuric acid and heating grad- 
ually till the excess of acid was driven off. The potassic 
sulphate was leached out, evaporated, melted and weighed, 
and the tantallc acid heated to redness and weighed. The 
mean potassic sulphate contents was found to be 44.29 per 
cent; extreme difterence, 0.15. The mean amount of tan- 
talic acid obtained .was 56.59; extreme difterence, 0.25. If 
K = 39, these data give Ta = 182.3. Four analyses were 
also made of the ammonium salt. This contained traces 
of potassium which were determined and allowed for in 
each case. The mean amount of tantalic acid obtained was 
65.25 per cent ; extreme difference, 0.34, This gives Ta i= 
182, the number which Marignac adopts. The salts were 
obtained by dissolving tantalic acid, which had not been 
heated to redness, in fluobydric acid, adding potassic or 
aminonic hydrate and purifying by recrystallization. These 
salts are much less soluble than the corresponding niobium 
and titanium salts. {Liebig's Am., S. 4, 1866, 234.) 



TELLURIUM. 

liegnault and Kopp have each determined the specific 
heat of tellurium and found it in accord with an atomic 
. weight of about 128. {GmeUn- Kraut, I. c.) 
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J. J. Berzblius 129.03 (O = 16) ; 806.452 (0 = 
100). 

A known weight of metallic tellurium was oxidized with 
nitric acid, the excess of acid being driven off by heat. It 
was found that 100 Te gave 124.8 tellurious acid. {Poggaid. 
Ann., 8j 1826, 24.) 

J. J. Berzelius : 128.28 (O = 16) ; 801.76 (O = 
100). 

Determined as before but with purer material. Three 
experiments were made, which gave 802.838, 801.786, 801.74. 
Berzelius took the mean of the latter two. The tellurium 
was prepared from tetradymite by heating with potassium 
carbonate and olive oil in a closed crucible, dissolving the 
potassium telluride so formed in water free from air, pre- 
cipitating the tellurium by a current of air and distilling it 
in a current of hydrogen. {Poggend. Ann.j S2j 1834, 16.) 

K VON Hauer : 128.06 ( = 16). 

Determined from the mean of five experiments on the 
precipitation of bromine with argentic nitrate from the 
double bromide of potassium and tellurium. The bromine 
contents was found to be 69.9236 per cent., for Ag = 108.1 ; 
Br = 80; extreme difference 0.172. * If K = 39.2, the 
value follows. The salt was prepared by mixing tellurium 
and potassic bromide in atomic proportions, adding water 
and bromine, heating to drive off excess of bromine and 
repeated recrystallization. {JErdmann's Journ. fur Prak. 
Chem., 73, 1858, 98; Sitz-Bericht der k. k. Acad.) 

J. Dumas : 129 (O = 16). 

No details are given. {Annal. de Chim. et de Phys., (3,) 
65j 1859, 129.) 



THALLIUM. 



Regnault determined the specific heat of thallium. It 
agrees with an atomic weight of 204. {Gmelin-Kraut, L c.) 

A. Lamy : 204 (O = 16). 
Three analyses of the chloride with argentic nitrate gave 
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a mean of 204 ; extreme difference 1,2. An expcrimeot oq 
the precipitation of the sulphate with harinra nitnite gave 
204.3. [The atomic weights uaed were probably those ac- 

^cepted by Dumas.] The salts were purified by recrystalli- 
lUiOD. {Annal. de Ckim. et de Ph^s.y (3,) 67, 1863, 411.) 
W. Croosbs : 202.96 (O = 16). 

These determinatiotiB were made from the sulphate, which 
was prepared with great care. By decomposing the sulphate 
with potaaaic iodide and weighing the thallic iodide formed, 
the atomic weight was found at 202.73; by precipitation 
with barium nitrate, 203.55 ; with chlorhydric acid and 
alcohol, thallic chloride being weighed, 201.85 ; from the 
amount of sulphate produced from a known weight of metal, 
203.1 ; by precipitation with platinum chloride, 203.56. The 
values taken for CI, I, etc., are not given ; [they were prob- 
ably those accepted by Dumas.] (Erdmatui's Jourv. Jilr 
Prak. Chem., 93, 1864, 277; Chem. Nejos.) 

H. Werther : 204 (0 = 16). 

In five experiments Werther decomposed thallic iodide 
with potaaaic hydrate and zinc, both perfectly pure, and 
precipitated the iodine with silver. The mean result of 
these experiments was Tl = 204.4 ; extreme difference 1.7. 
[The value assumed for I is not stated. One experiment, 
which gave exactly 204, according to Werther, recalculated 
for Ag = 107.93; 1 = 126.85 gives Tl = 203.63.] Three 
experiments were made by decomposing the iodide with 
ammoniacal solution of argentic nitrate and weighing the 
argentic iodide formed. Tneso determinationa gave Tl = 
203.47; extreme difference 0.3. The preparation of the 
iodide is not given. {Erdmann's Journ. fiir Prak. Chem., 9S, 
1864, 136.) 



V 



M. Hebberlino : 203.94 (0 = 16). 



Hebberling made throe oxporiments on the euiphatc by 
precipitation with barium chloride, which gave in mean 11 
= 204.13; extreme dift'erence 0.2. He also made two ex- 
periments on the chloride by precipitation with argentic 
nitrate. These gave 203,8 and 203.6. The atomic weights 
aasumed are not stated. [If Ag = 107.93 ; CI = 35.457 ; 
the first analysis of the chloride gives Tl = 203.44. The 
data for the second analysis are misprinted. If a probable 
correction of a single figure is made, the data give Tl = 
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203.026.] The salts were purified by recrystallization. 
{Liebig's Ann., ISi, 1865, 11.) 

W. Crookbs : e04..166 (0 = 16). 

Determined by experiments on the solution of metallic thal- 
lium in nitric acid and evaporation to dryness. The number 
is the mean of ten experiments ; extreme diflFerence, 0.038. 
The balance stood in a partial vacuum, and the weighings 
were made at two different pressures and calculated for 
vacuum. Very elaborate precautions were taken through- 
out. Crookes also mentions determinations made with 
barium nitrate, but gives no data. The thallium was pre- 
pared in seven different lots by the reduction of as many 
different salts which had been purified by recrystallization 
&c. The metal was fused in lime. The reagents were ex- 
pecially prepared by methods similar to those of Stas. 
Crookes took N = 14.009, = 15.96, and calculated for Tl 
the value 203.642. [If O = 16, the value becomes 204.155.] 
{Phil Trans., 163, 1873, 277.) 



THORIUM. 



Prom the isomorphism existing between thorium, tin, 
and titanium, and from the similarity of thorium to zir- 
conium, Delafontaine and Marignac believe the oxide to 
contain two atoms of oxygen. {Liebig^s Ann., 131, 100.) 
Neither the specific heat of this element nor the vapor 
density of any of its compounds has been determined so 
far as I know. 

J. J. Berzelius; ^38 (0 = 16); 1887.72 (O = 100). 

From the sulphate, precipitated by heating a solution of 
the salt and redissolved in cold water, Berzelius got the 
values 748.493 and 735.713 by precipitating with barium 
chloride. He also analysed the double sulphate of potas- 
sium and thorium. From the relation between the sul- 
phuric acid and the thorium oxide found, the atomic weight 
would seem to be 750.63, while the relation between the 
potassic sulphate obtained, and the amount of oxide gives 
740.6. These numbers are calculated on the supposition 
that the oxide contains a single atom of oxygen. Ba = 



855.29, S = 200.75, K = 488.856. 
398, and Lehrbuch, S, 1224.) 
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J. J. CeTDENIDB : ! 



1 (O = 16). 



I 



This chemist analysed the sulphate, the double sulphate 
I of potassium aud thorium, the oxalate, the acetate and the 
, formate, getting results which vary from 228.52 to 243.76. 
He averages with his own results analyses made by Ber- 
zeliua and by Berlin, which, however, alter the result in- 
appreciably. According to Delafontaine, the methods 
mployed for purification are ineffectual. Chydeniua 
I assumes a single atom of oxygen in the oxide. {Poggend. 
I Ann., 119, 1863, 55.) 

N. J. Berlin: 231.64 (0 = 16). 

Chydenius reports two analyses of the oxalate by Berlin 
I which gave for thorium 67.87 and 57.95, or 231.48 and 
"31.80. [Poggend. Ami., 119, 1863, 56.) 

M. Delafontaine : 231.5 (0=16). 

Determined from analyses of the sulphate. Fourteen 
experiments on the decomposition of this salt, by the heat 
of a strong double-draught lamp, gave a mean of 52.51 per 
cent, oxide; extreme difference, 0.83. In three experimenta 
the sulphur contents of the salt was determined by precipi- 
tation with barium chloride after the sulphate had been 
decomposed with ammonium oxalate. The mean amount 
of sulphuric anhydride so found was 31.92 per cent.; ex- 
treme difference, 0.78. Three experiments on the water 
contents gave 16.68 per cent; extreme difference, 0.21. 
The sum of these means is 100.11. The value of thorium 
was calculated from the relation of the oxide to the sul- 
phuric anhydride for S = 32, Ba = 137. The salt was pre- 
pared from thorite and from orangite by decomposition 
with sulphuric acid and recrystallization of the sulphate 
with the help of heat. The purification was continued 
until the crystals and the mother liquor had exactly the 
same composition. Marignac assisted at this investigation. 
{Liebig's Ann., ISl, 1864, 100.) 

P. T. Clevb: 233.88 (0 = 16). 

Cleve made six analyses of the anhydrous sulphate, get- 
\ ting in mean Th ^ 233.8 ; extreme difference, 1.36. From 
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analyses of the oxalate he got 2SS.97 ; extreme difference, 
0.6. {Kopp's Jahresberichty 1874, 261; BvU. Soc. Chim., 
(2,) £1, 116.) 



TIN. 

Regnault and Kopp have each determined the specific 
heat of tin. It agrees with an atomic weight of about 118. 
Dumas, Cahours and others have determined the vapor 
density of volatile tin compounds with a similar result 
{Gmelin-Krauty I. c; L, Meyer ^ I, c.) 

J. J. Berzelius; 117.647 (0 = 16); 735.294(0 = 
100). 

Berzelius determined this value by oxidizing pure tin foil 
by means of nitric acid and weighing the oxide. He found 
100 tin = 127.2 stannic acid. (Poggend. Ann., 8, 1826, 184.) 

G.J.Mulder: 116.112 (0 = 16); 725.7 (0 = 100). 

Two experiments were made by oxidizing tin with nitric 
acid, evaporating, drying, and heating to redness. They 
gave each 100 tin =: 127.56 stannic acid ; whence the value. 
All possible precautions are said to have been taken. The 
metal was prepared by the reduction of pure oxide with 
soot and a flux. (Eramann's Joum. fiir Frah. Chem., ^8^ 
1849, 35 ; Scheikundige Onderzoek., 5. Deely 260.) 

C. L. Vlaanderen : about 118. (O = 16). 

Determined from experiments on the oxidation and re- 
duction of tin and stannic acid in vessels of various ma- 
terials. The experiments regarded as the most accurate 
were made on the reduction of the acid in a current of 
hydrogen in porcelain vessels. The acid had been heated 
in platinum. These experiments gave 59.04 and 59.12. 
Stannic acid heated in glass or porcelain was found to 
retain nitric acid. {Kopp^s Jahresberichty 11, 1858, 138; 
Mulder, Scheikundige Verh. en Onderzoek., 2. Deel, 150.) 

J. Dumas : 118.08 (0 = 16). 

Two experiments were made on the oxidation of pure 
tin by nitric acid. The stannic acid being heated white 
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hot in platinum vessels gave for the atomic weight 59.1 
and 58.96. The tin employed was prepared from pure 
chloride. Two experiments on the titration of the chlo- 
ride with argentic nitrate gave 59.06 and 59.03. Ag = 
108, CI = 35.5. {Annal. de Chim. et de Phys., (3,) 66, 1859, 
156.) 



TITANIUM. 



The specific heat of titanic acid has been determined by 
Eegnault and by Kopp, and indicates an atomic weight of 
about 50. Dumas determined the vapor density of the 
tetrachloride at 6.836. [If the molecular weight of = 
32, and if CI = 35.457, this gives Ti = 56.025.] {Gmelin- 
Kraut J L c, and Foggend. Ann., 5, 1827, 441.) 

H. Rose : 61.17 (O = 16). 

Determined by roasting titanium sulphide and weighing 
the titanic acid formed. The highest result obtained was 
1.017 sulphide from 0.757 acid. This result Rose adopted on 
the supposition that an excess was impossible. For S = 
201.16 these data give Ti = 62.^6 (0 = 16); 389.1 (0 = 
100.) [If S = 32, Ti == 61.17.] The sulphide was prepared 
by heating titanic acid in a current of carbon disulphide. 
{GilberCs Ann., 73, 1823, 135.) 

Rose subsequently expressed the opinion that the sulphide 
employed in this analysis was impure, and contained unde- 
composed titanic acid, but afterwards came to the conclu- 
sion that it was perfectly pure, accounting tor the variation 
of the results from those he obtained later by the theory 
that the sulphide and the oxide of this element, like those 
of tantalium, were entirely dissimilar compounds. Marig- 
nac has shown that tantalium sulphide is of normal consti- 
tution. {Poggend. Ann., 99, 1856, 576.) 

H. Rose: 48.28 (0 = 16). 

Titanium chloride was decomposed with water, titanic 
acid precipitated by ammonic hydrate, and the chlorine 
precipitated from the filtrate with argentic nitrate. Taking 
Ag = 1351.607, CI = 221.325 ; Rose calculated the chlorine 
contents in four experiments at from 74.43 to 74.53 per 
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cent ; mean 74.46 and Ti at 303.686. According to Gmelin- 
Kraut, these analyses recalculated for Stas's values give Ti 
= 48.28. The chloride was prepared by the action of chlo- 
rine on a mixture of titanic acid and carbon, and was recti- 
fied four or five times over potassium and mercury. It was 
clear and developed no chlorine on decomposition with 
water. {Poggend, Ann,^ 16y 1829, 145.) 

C. G. MosANDER : 47.33 (0 = 16) ; 295.81 (O = 100). 

Mosander determined the oxygen contents of titanic acid 
at from 39.83 to 40.82 per cent. ; mean 40.427. Mosander 
never described the method of analysis. [The oxygen con- 
tents was probably determined from the chloride, for the 
above data give Ti = 294.7, while Berzelius records the de- 
termination as having given 295.81.] (Poggend. Ann.j 19, 
1830, 212, and Berzelius' Lehrbuch, 3, 1211.) 

• 

J. Pierre : 50.36 (O = 16). 

Determined by three experiments on the titration of the 
chloride with argentic nitrate by Pelouze's method. Pierre 
does not give the values taken for 01 and Ag. He calcu- 
lates the atomic weight of Ti at 314.69. [If Ag = 107.93, 
CI = 35.457 ; his data give Ti = 314.75 (O = 100) ; 50.36 
(O = 16), with an extreme diflference in the latter case of 
0.08.] He made two other determinations giving lower 
results, but it was found that the chloride employed was 
slightly decomposed by contact with air. The chloride 
was prepared from artificial titanic acid which was free 
from iron, and was further purified by fractional distilla- 
tion. [AnnaL de Chim. et de Phys., (3,)^0, 1847, 257.) 

A. Demoly : 66.61^ (0 = 16). 

Determined by experiments on the tetrachloride. The 
salt was decomposed with water, the titanic acid precipi- 
tated by ammonic hydrate, and the chlorine precipitated in 
the filtrate, after the excess of ammonic hydrate had been 
volatilized and the solution acidified. Both precipitates 
were weighed. Demoly calculates the atomic weight of Ti 
at 350, without mentioning what values he accepted for 
silver and chlorine. [If Ag = 107.93, 01 = 35.457 ; the 
atomic weight, calculated from the argentic chloride, is 
353.2 (O = 100) ; or 56.512 (0 = 16), with an extreme diflfer- 
ence in the three experiments of 0.88 for O = 16.] The 
chloride was prepared from rutile by preliminary conver- 



[Tflion into nitride, ic. It waa puriiied hy rectification over 
mercury and potaBfiium. {Liebiqs Ann., 73, 213 ; Laurent 
and Gerhardl, CompUs Mend., 1849, 325.) 



TUNGSTEN. 



Regnault has determined the specific heat of tungsten, 
and KoBcoe the vapor density of the chloride. These ex- 
periments place the atomic weight of tungsten at about 184. 
[Gmelin-Kvaul, I. e.; L. Meyer, I. c.) 

X. J. Berzelios: 189.^6 (0 = 16); 1183.355 (0 = 
I 100). 

I A weighed quantity of tungatic acid was reduced in a 
^current of hydrogen, again weighed, then re-oxidized and 
reweighcd. The number is the mean result of the two 
operations. The number is given in Berzelius' Lehrbaeh 
as 1188.36 with the data, which are also given in PoggentL 
Ann., 8, 23. It is pointed out in Grahain-Oito that this 
value must bo misprinted, an observation which I have 
verified. {Poggend. Ann., 4, 1825, 152.) 

Berzelius made an earlier determination than the fore- 
going by the oxidation of the sulphide, getting 1207. He 
points out the source of error in this experiment arising 
from the formation of irreducible sulphate. (Berzelius' 
Jahrcsberickl, 5, 1825, 121.) 

R. Schneider: 184.12(0 = 16); 1150.78(0=100). 

Schneider made five experiments on the reduction of 
tungstic acid with hydrogen in a porcelain tube heated by 
a charcoal fire. These analyses gave the mean contents of 
the acid at 79.316 tungsten per hundred ; extreme difier- 
ence, 0,096. This composition corresponds to an atomic 
weight of 1150.a9. He also made three experiments on 
the combustion of tungsten, getting a mean of 79.327 
tungsten per 100 acid ; extreme ditterence, 0.005, or an 
atomic weight of 1151.17. The value taken is the mean. 
The tungstic acid was prepared by decomposing ammonio- 
tungfitic sulphide with chlorhydric acid, washing the pre- 
cipitate with acid, solution in ammonia, reprecipitation with 
chlorhydric acid, and so on until a perfectly pure product 
was obtained. The tungstic acid was finally dried and 
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heated to redness. {ErdmanrCs Joum. fiir Prak. Chem.j 60y 
1850, 163.) 

R. F. Marchand : 184,J (O = 16) ; 1150.6 (O = 100). 

Determined from two experiments on the reduction of 
tungstic acid in a current of hydrogen, and two experiments 
on the combustion of tungsten. These determinations 
were made in the same manner as and at the same time 
with Schneider's. The extreme difference was 3.5 for O = 
100. {Liebig's Am., 77, 1851, 263.) 

J. B. VON Borck: 188.816 (O = 16); 1148.85 (0 = 
100). 

Determined by seven experiments on the reduction of 
tungstic acid at a white heat by hydrogen, and by two ex- 
periments on the combustion of tungsten. The number is 
the mean ; extreme difference, 10.38 for O = 100. The 
tungstic acid was prepared from Wolframite by fusing the 
mineral with potassium carbonate, solution in water con- 
taining alcohol, precipitation with calcic chloride and de- 
composition of the calcic tungstate with chlorhydric acid. 
The tungstic acid so produced was converted into ammonium 
salt which, on decomposition, yields a compound free from 
iron and manganese. {Erdmann^s Joum, jilr Prak. Chem,, 
6i, 1851, 254.) 

A. RiCHE : 174 (O =i 16). 

This value was reached by five determinations of the 
amount of water produced by the reduction of tungstic 
acid in a current of hydrogen, which gave a mean of 87.07 ; 
extreme difference, 1.78. The tungstic acid was obtained 
by heating the ammonium salt, or by the decomposition of 
the oxychloride produced by heating tungstic acid and 
carbon in a current of chlorine. (AnnaL de Chim. et de 
Phys., (3,) 60, 1857, 10.) 

J. Dumas : 18^ (O = 16). 

Dumas made six experiments on the reduction of tungstic 
acid in hydrogen at a high temperature in a nacelle of un- 
glazed porcelain, and two experiments on the titration of 
the chloride with argentic nitrate. The extreme difference 
between the results was 0.69 for = 8. The acid was pre- 



aired by gently heating the ammonium salt in a muffle. 
Anml. de Cftim.etde Phys., {3,) 56, 1859, 144.) 

F. A. Bernoulli: 186.8 (0 = 16); 1167.5(0 = 
100). 

Bernoulli made five experimeota on the reduction of 
tungstic acid by hydrogen in a porcelain tube at a very 
high temperature, two experiments on the amount of water 
formed in reduction, and four experiments on the oxidation 
of tungsten. The mean result was W = 93.41 ; extreme 
difference, 0.75. [If experiment 9, in which oxidation 
seems to have taken place, is left out, the mean becomes 
93.35; extreme difference, 0.18.] The tungstic acid was 
prepared from ammonium tungetate which had been boiled 
for several days with nitric acid. The tungstic acid was 
heated to redness. One part of it was green, another part 
yellow. The determinations from the different colored 
acids did not differ, and Bernoulli considers them isomeric 
modifications of the same compound. There appear to be 
misprints in the data given, (Poggend. Aim., Ill, 1860, 



I 



9.) 



C. SCHEIBLER : 184 (0 = 16). 



Scbeibler reached this value by five determinations of 
the water contents (9 molecules) of barium metatungstate. 
From determinations of the barium and the tungsten in 
the same compound Scheibler reached other values, but he 
regards the water determination as the most trustworthy. 
\mann'a Joum. fur Prak. Ckem.., 83, 1861, 828.) 

E, Zettnow: 183.962 (0 = 16). 

Determined from analyses of ferrous tuugstate and 
irgentic tungstate. A known weight of ferrous tungstate 
^t&B melted with sodium carbonate and the mass dissolved. 
The ferric hydrate was thoroughly washed, dissolved in 
chlorhydric acid, reduced to ferrous chloride with zinc of 
known composition, and titrated with potassic permanga- 
nate in several measured portions. Four such series of 
experiments were made, and gave a mean of 92.038 for "W ; 
extreme difference, 0.33. The ferrous tungstate was pre- 
rared by molting pure anhydrous sodium tungstate with 
rarrous chloride and sodium chloride, dissolving, separat- 
ing impurities, crystallizing, washing the crystals with 
■rater, chlorhydric acid and sodium carbonate. The argea- 
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tic tungstate was decomposed with nitric acid and titrated 
with sodium chloride or decomposed with hot sodiam 
chloride solution, the argentic chloride being weighed. 
Five experiments gave a mean of 91.915 for W ; extreme 
difference, 0.13. The argentic tungstate was prepared by 
the precipitation of sodium tungstate with argentic nitrate, 
thorough washing and drying in yellow light. The per- 
manganate solution was prepared according to Mohr and 
tested with ammonio-ferrous sulphate. Fe = 28, Ag = 
108. {Poggend. Ann., ISO, 1867, 30.) 

H. E. RoscoB : 184.04 (O = 16). • 

Determined by reducing tungstic acid in a current of 
hydrogen, by reoxidizing the metal, and by reducing the 
chloride in a current of hydrogen^ the chlorhydric acid 
being condensed and estimated as argentic chloride. lu 
the experiments on the acid, that compound was reduced, 
and reoxidized three times with almost identical results. 
The mean of the second and third reductions of the same 
sample gave W = 183.84. In the experiments on the 
chloride, the chlorine and the tungsten were each deter- 
mined, and gave a mean of 184.25 for CI = 35.5. The 
tungstic acid was prepared by the decomposition of the 
chloride, washing and heating to redness in a platinum 
vessel. It was canary yellow. The chloride was prepared 
from pure tungsten. {Liebig^s Ann,, 162, 1872, 366.) 



URANIUM. 



No certainty exists as to the relation between the equiva- 
lent and the atomic weight of uranium. The latter is com- 
monly accepted as about 120. Mendelejeff" gives grounds 
for supposing it to be 240, {Liebig's Ann,, S, 8, 1871, 178,) 
and L. Meyer regards it as probably 180, a value which 
accords well with the specific heat of the black oxide as 
observed by Regnault. {Ghnelin-Kraut, I. c.) For the pur- 
poses of this paper it seems best to retain the customary 
value. 

J. A. Arfvbdson : 128.6 (O = 16). 
Determined by experiments on the reduction of uranoso- 



aranic oxide and on the oxidation of uraiioua oxide. By 
combuBtion of uranous oxide in oxygea he found in two ex- 
periments that 100 oxide combined with 3-695 and with 
3-73 oxygen. From the reduction of the green oxidu he 
found that 100 uranous oxide combine with 3.67 oxygen. 
Ho deduces as the moan 3.088. Hegarding uranous oxide 
as the metal, Arfvedson calculated the atomic weight at 
2711.36. [If the lower oxide is a protoxide, the data give 
128.6 tor = 16,] The uranous oxide was prepared from 
pitchblende by solution in aqua regia, precipitation of heavy 
mptalswith hydrogen sulphide, precipitation with aramonic 
hydrate, solution in ammonium carbonate to remove iron, 
reprecipitation, heating to redneea, washing with chlorydric 
acid to remove impurities, and reduction in hydrogen. 
(Poggend. Ann., 1, 1824, 254.) 

E. Peligot : 119.138 {O = 16) . 
In two experiments the amount of carbon in the acetate 
was found to he 11.27 and 11.3; mean 11,285. In one ex- 
perimeut the uranic oxide was determined at 67.3 per cent. 
[BVom these data the above value follows.] Peligot takes 
120 or 750, C = 75. The preparation of the salt is not 

fiven. Peligot mentions the oxalate and gives analyses, 
ut does not deduce an atomic weight from them. (AnnaL 
de Chim. d de Pki/s., (3,) 5, 1842, 39.) 

J.J. Ebelmes: 11S.86 (0 = 16); 742.875 (0 = 
100). 
Ebelmen made six experiments on the reduction of the 
oxalate to uranous oxide by hydrogen and heat. The value 
follows with an extreme difference of 0.65 for C = 75 ; H 
= 12.5. All the weighings were reduced to vacuum. To 
obtain pure oxalate, the nitrate was precipitated by oxalic 
acid and this preparation decomposed by heat. Tiie oxide 
thus obtained was digested with clilorhydric acid, washed, 
dissolved in nitric acid, recrystallized, and precipitated with 
oxalic acid. The oxalate was dried at 100°. According 
to Rammelflberg the reduction of the oxalate is accompa- 
nied by the separation of carbon which remains with the 
oxide. {An/iai. de Chim. et de Phi/s., (3,) 5, 1842, 189.) 

Berzelids, Arfvedson, Marcuand: 128.4 (0 = 16); 
802.49 (O = 100). 
While Arfvedson was making his first determination, 
Berzelius also made an experiment on the combustion of ura- 
9 
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nous oxide getting 103.685 nraDic from 100 umnoas oxide. 
\farchand {ErdMann*s Joum. fur Prak\ Chem.^ 23^ 1841, 
498; got in the same way 103.668. The average of the 
combustion experiments of all three chemists is 103.694, 
whence Berzelios calculates the value. [Berzelius* Jahres- 
bericfdj e£\ 1842, 113.) Peligot and Raramelsberg, as well 
as Marchand, point out faults in this method, such as the 
probable condensation of hydrogen in the protoxide and 
the tendencv to form higher oxides. (Poggend, Ann,^ 69, 
1843, 4.) 

C. Rammslsbbrg. 

This chemist made experiments on the reduction by 
hydrogen of the green oxide, prepared in various ways, 
and got results varying from 580.4 to 767.6 for O = 100. 
(Poggend, Ann. ^ 59^ 1843, 9.) By precipitation of uranous 
chloride with silver he reached the number 787.5 for CI = 
442.65. The chlorine contents found varies in three ex- 
periraent? from 73.89 to 74.46. The chloride was prepared 
by heating uranous oxide in an atmosphere of chlorine. 
(Poggend. Ann., 55, 1842, 321.) 

J. Wertheim : 119.42 (O = 16) ; 746.36 (O = 100). 

Determined by three experiments on the decomposition 
of the double acetate of uranium and sodium. The mean 
loss of acetic acid by heating the salt to redness was 32.477 
per cent.; extreme difference, 0.036. The number follows 
for C = 75, n = 6.25, Na = 390.9. [In Poggend. Ann., 67, 
484, an abstract is given of a paper read before the academy 
(of Berlin ?) by Mitscherlich, in which he states that Wert- 
heim's experiments above described give 740.512. Berze- 
lius in his Jahresbericht, 23, 137, makes or quotes the same 
statement, so also does Rammelsberg, Poggend. Ann., 69, 
4, and it has been repeated elsewhere. I have recalculated 
the data given by Wertheim and find the results correctly 
deduced in his own report. For Na = 23.043 (Stas) ; the 
data give U = 119.53.] The salt was prepared from urani- 
nite by solution in nitric acid, precipitation with hydrogen 
sulphide, evaporation of the filtrate to dryness, solution 
in hot water, crystallization and recrystallization, heating 
the crystals to drive oflT nitric acid, solution in acetic acid, 
digestion with sodium carbonate and recrystallization. 
(Erdmann's Joum. fur Prak. Chem., 29, 1843, 209.) 
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C. Rammblsberg : about 120 (0 = 16). 

Determined in six experiments, undertaken at Berzelius' 
suggestion, by treating uranous oxide with nitric acid and 
sulphuric acid and weighing the sulphate. It is very diffi- 
cult to weigh the uranous oxide which constantly increases 
in weight. Two experiments were made on the green 
oxide, which was prepared either by heating uranous oxide, 
or the nitrate, in air. Two experiments were made on 
magnesium uraniate by dissolving the compound in nitric 
acid and heating to redness. The compound was found 
unstable in character. One experiment was made by heat- 
ing the double acetate of uranium and sodium and three 
experiments by heating the double acetate of barium and 
uranium. The results obtained varied from 633.17 to 
753.76. Rammelsberg considers the determinations confir- 
matory of Wertheim's and Ebelmen's. {Poggend. Ann.^ 
66, 1845, 95.) 

E. Peligot: 120 (0 = 16); 750 (0 = 100). 

Determined by combustion of the oxalate in a current of 
air, both the carbonic acid and the green oxide of uranium 
being weighed. At first Peligot got only 730 as the atomic 
weight by this process, but by repeating the recrystalliza- 
tioii of the salt until determinations gave constant results, 
he got a mean of 750. He says that he came to the same 
value by comparing the amount of uranic oxide obtained 
from the acetate with the weight of the salt employed. 
[Paris Comptes Bend., ^2, 1846, 487.) 



VANADIUM. 



Roscoe has determined the vapor density of vanadium 
chloride. It agrees with an atomic weight of about 51. 
{L. Meyer, L c.) 

J. J. Berzelius : 6^47 (0 = 16). 

Berzelius made four experiments on the relation between 
the higher and the lower oxides of vanadium, three by re- 
duction with hydrogen at a very high temperature and" one 
by oxidation. He supposed the higher oxide to have the 
formula VO3, and the lower VO, and consequently got for 
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the atomic weight the number 855.84 (0 = 100). R. 
Schneider has shown that the data as given by Berzelius are 
discordant, {Poggend, Ann., 88, 319,) a fact of small irhport- 
aucc in view of the succeeding investigation. The higher 
oxide analyzed by Berzelius was produced by gently heat- 
ing the ammonium salt. {Poggend, Ann.j 22, 1831, 14; 
Kovgl Vet. Akad. Handl, 1831.) 

Roscoe examined some ammonium vanadate which Ber- 
zelius had sent Faraday and found that it contained phos- 
phorus. {Liebig's Ann., S, 6, 1868, 93.) 

H. E. RoscoE : 51.33 (0 = 16). 

Roscoe made four experiments on the reduction of vana- 
dic acid (Vj O^) in carefully purified hydrogen. The acid 
was prepared from ammonium vanadate. To free this 
compound from phosphorus and silicic acid it was powdered, 
decrepitated with sodium in an iron crucible, washed with 
water and with chlorhydric acid, re-oxidized with nitric 
acid, chloridized in a current of chlorine, the chloride rec- 
tified and decomposed with water. The acid so obtained 
was dried, moistened with sulphuric acid, exposed to the 
fumes of fluohydric acid for ten days and melted. This pure 
acid was first heated for several hours in dry air and after- 
wards in hydrogen. The mean result of four experiments was 
V = 51.371 ; extreme difference, 0.228. Nine experiments 
were made on the titration of the chloride by Pelouze's 
method. Eight experiments were also made on the analy- 
sis of the chloride with argentic nitrate by the ordinary 
method. The mean of the seventeen experiments on the 
chloride gives the contents in chlorine at 61.276 per cent.; 
extreme difference, 0.69. This composition indicates an 
atomic weight of 51.29. Roscoe takes CI = 35.457, Ag = 
107.93. The vanadium chloride was purified by rectifica- 
tion over sodium in a current of carbon di-oxide. The re- 
agents were prepared according to Stas. {Liebig^s Ann., S, 
6,1868,86.) 

Roscoe mentions atomic weight determinations by Czud- 
nowicz as giving 55.35. This chemist, however, did not 
calculate an atomic weight from his analyses, but used that 
obtained by Berzelius. {Poggend. Ann., ISO, 1863, 17.) 
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YTTRIUM. 



The composition of yttrium oxide is not definitely settled. 
Mendelejeft* concludes from the general behavior of its 
<;ompound8 that it is a sesqui-oxide. As, however, all the 
chemists who have made atomic weight determinations of 
this element have considered it a prot-oxide, I shall assume 
it to be so and the atomic weight, therefore, about 60. 

J. J. Berzblius : 64.^9 (O = 16); 401.84 (O = 100). 

This determination was made before the discovery of 
erbium and can scarcely be correct. The value was reached 
by analysis of the sulphate with barium chloride. Ba = 
556.88, 8 = 201.165. {Poggmd. Ann., 8, 1826, 186; 10, 
1827, 341.) 

N. J. Berlin : 59.7 (O = 16). 

According to Blomstrand in Berlin, Ber. der Chem. Ges., 
1873, 1467. I can find no other record of this determina- 
tion which probably appeared in the Forhandl, ved de Skandi- 
naviske Naturforsk, 1860, 448. 

0. Popp : 68 (O = 16), 

The mean of four analyses of the sulphate showed that 
40.15 oxide were equivalent to 38.23 sulphuric anhydride, 

fiving a molecular weight for the oxide of 42.015 ; extreme 
ifference, 0.013. The yttrium was precipitated with sub- 
limed oxalic acid, the free acid being afterwards neutralized 
with ammonia. The sulphuric acid was precipitated with 
barium chloride in the filtrate with precautions. Popp, who 
denies the existence of erbium and terbium, separated yttri- 
um from the cerite oxides by precipitation with barium 
<iarbonate, yttrium remaining in solution, S = 16, Ba = 
68.5. {Liebig's Ann., ISl, 1864, 183.) 

M. Dblafontainb : about 64 (O = 16). 

Delafontaine does not pretend that this number is exact. 
It is derived from analyses of the sulphate. His method 
of separation was essentially Mosander's, which was proved 
by Popp and by^unsen and Bahr to give impure salts. 
{Liebig's Ann., 184, 1865, 108.) 
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Bahr and Bunsen : 61.7 (O = 16). 

Determined by saturating the oxide with sulphuric acid 
as in the determination of erbium, q, v. Partial recrystal- 
lization does not produce pure yttrium nitrate, but only 
concentrates traces of didymium in the salt. Didymium 
must be separated with potassic sulphate. Erbium nitrate 
is more easily decomposed by heat than yttrium nitrate. 
The nitrates were therefore partially decomposed, yttrium 
nitrate dissolved out and the process repeated until there 
was no trace of erbium or didymium visible in the spectro- 
scope. The mean of two determinations gave T = 30.85 ; 
difference, 0.1. S = 16. {Liebig's Ann., 137, 1866, 21.) 

M. Delafontaine : 58.5 (O = 16). 

Determined by three experiments on the sulphate which 
gave in mean 48.23 per cent, oxide for S = 32. [In the 
Jahresbericht this determination is reported as giving Y = 
74.5. Yttrium is apparently a misprint for yttrium oxide.] 
The yttrium salt seems to have been prepared according to 
the method of Bahr and Bunsen. {Kopp's Jahresbencht, 
1866, 184 ; Bibi Univ., Arch, des Sciences, (2), S6, 1866, 112.) 

P. T. Cleve and O. M. Hoeglund : 59.7 (O = 16). 

Determined by analysis of the sulphate. The oxide was 
purified by heating the nitrates, etc., according to N. J. 
Berlin. (Blomstrand, in Berlin, Bericht der Chem. Oes.y 
1873, 1467; Bihang tiU Vet Akad. Handl, 1873, B. 1, 3y 
No. 8.) 



ZINC. 

The specific heat of zinc has been determined by Regnault 
and others. The vapor density of volatile organic com- 

?ounds has been determined by Frankland and others, 
'hese experiments agree in placing the atomic weight at 
about 65. {Gmelin-Kraut, l. c; L. Meyer, I. c.) 

Qay-Lussac, Berzelius, Wollaston : 66.647 (O = 
16) ; 409.67 (O = 100). 

In his experiments on the oxidation of zinc Gay-Lussac 
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^'■found that 100 Zii = 24.41 oxygen. This value is repeatedly 
cited in his memoir. {Gilberts Ann., SO, ISU, 297; Mi- 
mnire D'Arceuil, ^, 174.) Wollastou gives the same figures 
on Gaj-Lusaac's authority. [Phil. Tram., lO/f, 1814, 21.) 
Wollaston calculates from these data Zn ~ 410, (O = 100.) 
BfrzeliuB in each of two experiments got 100 Zu = 124.4 
oxide. {Gilbert's Ami., 37, 1811, 460.) In Poggend. Ann., 
S, 1826, 184, as well aa in his Lehrbuch, Berzelius cites 
Gay-Lussac as having found 100 Zn ^^ 24.8 oxygen. He 
states that his own determinations wore in perfect accor- 
dance with these figures, and calculates from them the 
atomic weight of zinc at 403.226 or 64.52, and this was the 
accepted value for many years. I cannot find any other 
determinations by either of these chemists, and am obliged 
to suppose that tliere was a mistake made in recording the 
data from which Berzelius made his calculations; if so, 
it is remarkable that neither Berzelius nor the other 
chemists who determined this value perceived it; for the 
question was reopened during Berzelius' life, and A. Erd- 
niann made his determination at Berzelius' request. 

V. A. Jacquelik : 66.34. (O = 16) ; 414 (O = lOO). 

This number was reached by measuring tlie amount of 
lydrogen developed by a known wefght of zinc from sul- 
phuric acid on the supposition that the specific gravity of 
hydrogen is 0.0624, The results seem to have been iucon- 
sistent. Subsequently Jacquelain arrived at the same 
number by oxidizing an impure zinc of known composi- 
tion. (Paris Comptes Mend., I4, 1842, 636; and Annal. de 
Clam, etde Phys., (3,) 7, 1843, 204.) 



I 
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P. A. Favhb: 66, (0 ^ 16); 412.5 (0= 100). 



Pavre made four experiments on the combustion of zinc 
oxalate, the carbon di-oxidc being collected and its weight 
compared with that of the oxide. The mean result waa 
Zn =412.66; extreme diflerence, 1.11. C = 75. He also 
made three experiments by passing the hydrogen developed 
by a known weight of zinc over cupric oxide, the water 
being caught. These experiments gave in mean Zn ^ 
412.16; extreme difference, 0.65 for H = 12.5. (Annal. de 
Ckim. el de Phjs., (3), 10, 1844, 163.) 

A. Erdmann; 65.05 (O = 16); 406.591 (0 = 100). 
Determined by oxidizing pure zinc with nitric acid, and 
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driving off the acid by heating the salt in a porcelain cruci- 
ble. Platinum is attacked. The number is the mean of 
four experiments; extreme difference, 0.698. The zinc 
was prepared by mixing pure oxide with carbon, and distill- 
ing in a current of hydrogen. {BerzeUus' Jahresberichty S^^ 
1844, 132; CEfversigtaf KongL Vet Akad, Handl., 1, 8.) 



ZIRCONIUM. 



Deville and Troost have determined the vapor density of 
the chloride. It agrees with an atomic weight of about 90. 
{L, Meyer J L c) 

J. X Berzelius : 89.6 (O = 16). 

In one experiment the sulphate was decomposed with 
ammonic hydrate, the oxide weighed and the sulphuric 
acid precipitated with barium chloride. In five experi- 
ments the sulphate was decomposed at a white heat, ammo- 
nium carbonate being added at the close of the operation. 
The mean result was that 100 parts of sulphuric anhydride 
unite with 75.853 parts of zirconium oxide; extreme differ- 
ence, 0.23. Berzelius deduces the value 840.08 for O = 
100,8 = 201.165; on the supposition that the oxide con- 
tains three atoms of oxygen. [Being a binoxide, this re- 
lation gives Zr = 89.6 for O = 16.] The sulphate seems to 
have been prepared by dissolving the oxide in sulphuric 
acid and expelling the excess of acid by heat. {Poggend. 
Ann., ^, 1825, 126.) 

R. Hermann: 

This chemist made some experiments on the chloride 
getting in three determinations a mean of 839.45 for O = 
100 and on the tri-oxide supposition. The extreme differ- 
ence was 20.1. 01 = 443.65. The chloride was produced 
by heating the oxide with carbon in a current of chlorine. 
Hermann adopts not his own but Berzelius' determination. 
{Erdmann's Journ. fiir Prak. Cheni.y Sly 1844, 77.) 

C. Marignac : 90 (0 = 16). 

Determined from analyses of potassium fluo-zirconiate. 
The salt was decomposed with sulphuric acid, the excess 



ZIRCONIUM. 187 

of acid driven off by heat, the residue weighed, the 
potassic sulphate leached out with water, and the residue 
again weighed. Marignac does not pretend that the deter- 
mination is accurate. The results gave from 45.01 to 45.48. 
He thinks that some potassic sulphate may have escaped 
solution, and therefore takes the minimum. E = 89, S = 
16. 

According to Marignac, Deville also found the atomic 
weight of zirconium somewhat higher than Berzelius by 
analysis of the chloride with which he determined the 
vapor density. (AnnaL de Chim. et de Phys.j (3,) 60 j 1860, 
257.) 
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DETERxMINATIONS BY T. THOMSON. 

In Thomson's Annals of Philosophy^ volumes 16 and 17, 
1820-21, Thomson published a series of papers descrip- 
tive of experiments undertaken for the purpose of verifying 
Front's hypothesis. His method consisted in mixing re- 
agents in what he considered equivalent proportions, and 
alter precipitation examining portions of the supernatant 
liquid for an excess of each of the salts supposed to neu- 
tralize one another. In all except four cases, either the 
salt analyzed was a sulphate and the precipitant barium 
chloride, or the determination was dependent upon such 
an analysis ; yet although Thomson took barium = 70, in 
no instance was he able to detect either barium or sul- 
phuric acid in the residual solution when the quantity of 
the re-agents corresponded to the atomic weights which he 
adopts. Comparison of his results with those reached bv 
more accurate experimenters will make this exact neutrali- 
zation appear impossible, nor were his contemporaries able 
to repeat his experiments successfully. Thomson's deter- 
minations are, as such, utterly valueless, yet as they were 
for many years extensively accepted in English and Ameri- 
can scientific literature they are inserted here for reference. 
In the following table Thomson's numbers are multiplied, 
when necessary, for the sake of comparison with the values 
now accepted. 

Detbrminations Involvino Barium = 70. 

Arsenic 76 Magnesium 24 

Barium 140 Manganese :--56 

Bismuth 216 Nickel - 52 

Calcium 40 Nitrogen 14 

Carbon 12 Phosphorus 32 

Chlorine 36 Potassium 40 

Chromium 56 Silver 110 

Cobalt 52 Sodium 24 

Copper 64 Strontium ^—88 

Iron 56 Sulphur .32 

Lead.- 208 Zinc 68 
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Thomson Further Determined — 

Antimony at 132 by oxidation. 

Boron at 12 from analysis of borax. 

Mercury at 200 by conversion of the oxide into chloride. 

Tin at 116 by oxidation with nitric acid. 



REDUCTION OF WEIGHINGS TO VACUDM. 

• 

In discussing the analyses recorded in the foregoing pages, 
or in reconciling atomic weight determinations by various 
chemists, it may be found convenient to employ the follow- 
ing table. The maximum error involved is less than 0.01 
per cent, or 0.1 milligram per gram. 

gram weights being of brass, fractions of platinum. 

For substances the sp. gr. of which exceeds 6.1; no cor- 
rection is necessary. 

For substances the sp. gr. of which is less than 6.1 : — 

To correct the entire grams ; multiply their number by the 
correction in the table opposite the sp. gr. of the substance, 
found in the first column, and add the product to the observed 
weiffht. 

To correct the fractions of a gram^ multiply the correction 
opposite the sp. gr. of the substance, found in the third col- 
umn of the table, by the first two decimal figures of the 
observed weight, if the sp. gr. of the substance is less than 
3, and by the first decimal only, if the sp. gr. exceeds 3, and 
add the product to the observed weight. 

ALL weights used BEING OF PLATINUM. 

For substances the sp. gr. of which exceeds 7.8, no correc- 
tion is necessary. 

For substances the sp. gr. of which is less than 7.8 : — 
Multiply the correction opposite the sp. gr. of the substance, 
found in the third column, by the number of ^rams, tenths 
and hundredths observed, if the sp. gr. falls short of 3, or 
by the number of grams and tenths, if the sp. gr. exceeds 
8, and add the product to the observed weight. 

The table shows within what limits it is necessary to know 
the sp. gr. 
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Weights of Brass) for 


Correction per Oram 


( Weights of Platinum) for 


tdfic Oravity 


between — 


Error < ^ Mg. 


Specific Gravity between — 


27.738 and 11.004 


—0.000 067 gram 






11064 


6.904 


0.000 000 


61.766 and 13.668 


6.904 


5.019 


+0.000 067 


18.668 


7.807 


5.019 


3.943 


O.OnO 133 


7.807 


5.480 


8 943 


3.247 


000 200 


6.480 


4.222 


3.247 


2.759 


0.000 267 


4.222 


8 433 


2.769 


2 899 


000 383 


8.433 


2.893 


2.899 


2.122 


0.000 400 


2.898 


2.600 


2.122 


1.903 


0.000 467 


2.600 


2.201 


1.903 


1.724 


000 638 


2.201 


1.965 


1.724 


1.676 


0.000 600 


1.966 


1.776 


1.676 


1.452 


0.000 667 


1.776 


1.619 


1.462 


1 877 


0.000 733 


1.619 


1.488 


1.377 


1.254 


000 800 


1.488 


1.877 


1.254 


1.174 


0.000 867 


1.877 


1.281 


1 174 


1.103 


0.000 938 


1.281 


1.197 


1.103 


1.041 


0.001 000 


1.197 


1.124 


1.041 


0.985 


0.001 067 


1.124 


1.059 






0.001 133 


1.059 


1.002 






0.001 200 


1.002 


0.950 



{SiU. Amer. Jour., 16, 1878, 265; Liebig's Ann., 195, 1879, 

2.) 
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